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ABSTRACT
Over 20,000 line km of single-channel, high resolution seismic
reflection profiles, coupled with vibracores and logs of platform
borings, provided the data base for studying the late Quaternary facies
and sea level history of the southwest Louisiana continental shelf.
Regional unconformities, formed by subaerial exposure of the shelf during
sea level falls and modified by shoreface erosion during ensuing
transgression,

serve

as

depositional sequences.

markers

to identify the boundaries of

Unconformities are recognizable on seismic

profiles by high amplitude reflectors as well as discordant relationships
between sequences. Across much of the shelf, the subaerial unconformity
and ravinement surface coincide, separating in areas of fluvial channel
incision. Here, the base of channel scour forms the sequence boundary.
The unconformities are usually, though not universally, marked by
lithologic changes.
Five

depositional

fluctuations, tentatively

sequences
correlated

related
with

to

glacio-eustatic

Illinoian, Sangamonian,

Wisconsinan, and Holocene glacial stages have been identified.

The

regressive phases are marked by subaerial exposure of the continental
shelf, deltaic progradation, and extensive fluvial downcutting.

Broad

alluvial valleys up to 60 m deep and 50 km wide* containing individual
fluvial channels greater than 30 m in depth and 1 km in width, cover
close to 30% of the area. Drainage networks of the last two low stands
were mapped, each containing a fluvial system interpreted as a former
Mississippi River. Deltaic progradation during the glacio-eustatic falls
occurred in two phases; a thin shelf phase deposited during falling sea
level, and thicker deltas deposited at the shelf margin during lowstand.
vli

Shelf margin deltas of the last two lowstands, reaching 160 m in
thickness and over 5000 km2 in area, were mapped.
Transgressive phases brought on by rising sea level are marked by
fine grained deposition along the shelf margin, aggradation of the
coastal plain, infilling of incised valleys, and pervasive development of
shoreface erosion or ravinement surfaces.

Reworking of lowstand and

aggrada-tional deposits produces sand sheets and shoals, forming the only
shelf sands in the area.

The transgressive facies are volumetrically

much less significant than the fluvial and deltaic deposits which make up
the majority of the section.

viii

INTRODUCTION
Continental shelf sedimentation is today a very active area of
research (Walker, 1984). The complexity of interacting processes in the
shallow marine environment has resulted in shelf facies being among the
least well understood clastic systems. Interpretations of shelf deposits
have fluctuated from the graded shelf concept of Johnson (1919), in which
the grain size of shelf sediments was belived to decrease progressively
from the shoreline to deeper water, to the recognition by Shepard (1932)
that many shelf deposits were actually "relict" - that is, deposited
during low stands of sea level by non-marine processes and not
significantly reworked during sea level rise. More recently, Swift et al
(1971) coined the term "palimpsest" to refer to relict sediments reworked
into partial or complete equilibrium with modern marine processes.
The studies of Shepard (1932), Swift et al (1971), and numerous
others, particularly in the Gulf of Mexico (e.g., Fisk, 1944, 1956;
Frazier, 1974) recognized the importance of non-marine facies, deposited
during glacial low stands of sea level, on what is now the continental
shelf. True shelf deposits, formed by shelf processes, occur only during
relatively brief transgressive periods.

In the ancient record, such

conditions had longer durations, so that shelf deposits are of greater
volumetric importance. The applicability of modern shelves as analogoues
to ancient deposits depends upon a better understanding of Quaternary
continental shelves. Movement of the petroleum industry offshore and the
recent advent of high resolution seismic reflection profiling have
provided the impetus and tools necessary for detailed studies of modern
shelves in order to better understand their depositional histories.
l
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The continental shelf and upper slope of the northwest Gulf of
Mexico is an excellent locale for studying and contrasting the cyclic
episodes of, and sedimentation associated with, late Quaternary sea level
fluctuations. Throughout the Quaternary the northwest Gulf of Mexico in
general, and the southwest Louisiana area in particular, have been
characterized by high rates of sedimentation and subsidence, so that
features associated with sea level fluctuation are likely to be better
preserved than on shelves with a lower depositional rate.
In this dissertation, the sediments of the continental shelf, shelf
margin, and uppermost slope of southwest Louisiana are examined to
determine

the

stratigraphy.

late

Quaternary

sea

level

history and

resulting

The primary data base for this study consists of over

20,000 km of high resolution seismic reflection profiles, supplemented by
vibracores and logs of proprietary platform borings. Seismic profiles
were collected in a 5.5 x 5.5 km grid, stretching from within three
nautical miles of the shoreline to the upper slope, and in 1 x 1 km grids
in selected areas. Three types of profiling systems were used: 3.5 kHz
subbottom

profiles,

400

kJ

minisparker,

and

Geopulse,

an

electromechanical system. Thirty-three forty foot long vibracores taken
in the nearshore zone, and logs of about 60 widely spaced platform
borings form the remainder of the data base.
The body of the dissertation consists of four papers.

The first

"Late Quaternary Sea Level Fluctuactions and Depositional Sequences" (in
review, Society of Economic Paleontologists and Mineralogists), discusses
the concepts of seismic stratigraphy as applied to glacio-eustatic sea
level fluctuations and deposits, with special attention given to the
types of unconformities produced by sea level falls and sea level rise.
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Depositional sequences are delineated and correlated with glacial stages
on the basis of stratigraphic position.
The remaining papers focus on specific depositional environments.
"Late Quaternary Shelf Margin Deltas, Northwest Gulf of Mexico" (American
Association of Petroleum Geologists Bulletin, v. 69, p. 77-91), focuses
on the cul-minating depositional event of a glacio-eustatic low stand,
the shelf margin delta.

Five such deltas are present along the shelf

margin of the northwest Gulf of Mexico. Two of these are in southwest
Louisiana, one of which is inter-preted as a late Wisconsinan Mississippi
Delta.
"Ancient Fluvial Systems and

Holocene Deposits, Southwestern

Louisiana Continental Shelf" (in press, American Association of Petroleum
Geologists Studies in Geology No. 25), is an in depth study of the large
fluvial systems that are cut into the subaerially exposed shelf during
low stands.

Fluvial systems corresponding to the last three low stands

are examined, and maps of drainage networks are presented for the two
youngest sets.
identified.

Several former positions of the Mississippi River are

It is noted that sea level fall does not result in the

cutting of entrenched valleys for all streams. Large extrabasinal rivers
cut broad valleys, but coastal plain streams merely extend across the
shelf, eventually coalescing into larger systems.
The last paper, "Deltas, Southwestern Louisiana Continental Shelf"
(in press, American Association of Petroleum Geologists Studies in
Geology No. 25), examines the deltaic deposits of the last two low
stands.

Greater attention is paid to the structural evolution of the

deltaic systems at the shelf margin

Penecontemporaneous and post

depositional faulting and diapirism, activated by sediment loading, are

4

controlling factors on the location, morphology, and stratigraphy of the
shelf margin.

Buried submarine troughs act as conduits for sediment

movement down onto the continental slope.
Taken together, the papers present a picture of depositional and
erosional

patterns during

glacio-eustatic fluctuations, which

is

contrasted to those being produced by the progradation and abandonment of
Holocene complexes of the Mississippi Delta.

CHAPTER I

LATE QUATERNARY SEA LEVEL FLUCTUATIONS
AND DEPOSITIONAL SEQUENCES,
SOUTHWEST LOUISIANA CONTINENTAL SHELF

5
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ABSTRACT
Interpretations of over 20,000 line km of single-channel, high
resolution seismic reflection profiles, coupled with nearshore vibracores
and logs of industrial platform borings, provide the data base for
determining the history and stratigraphy of late Quaternary sea level
fluctuations on the southwest Louisiana continental shelf.

Regional

unconformities, formed by subaerial exposure of the shelf during glacioeustatic sea level withdrawals and modified by shoreface erosion during
ensuing transgression, serve as markers to identify the boundaries of
depositional sequences.

Unconformities are recognizable on seismic

profiles by high amplitude reflectors as well as discordant relationships
between over and underlying reflectors.
Within the upper Quaternary section, six depositional sequences have
been recognized. Five of these are related to glacio-eustatic sea level
fluctuations, involving sea level withdrawal close to, or beyond, the
margin of the continental shelf. Three of the withdrawals culminated in
the deposition of shelf margin delta sequences.

Extensive fluvial

channeling characterizes the regressive phase of these sequences.
Transgressive phases are marked by in-filling of fluvial channels,
floodplain aggradation, truncation, or deposition of sand sheets
depending upon sediment supply and rate of sea level rise. Sequences 4
and 5 are correlated with the late Wisconsinan glacial stage and Holocene
transgression.

The upper portion of sequence 5 consists of an early

Holocene Mississippi Delta complex.

Abandonment and transgression of

this delta is responsible for the formation of sequence 6.

Although

these deposits cover a smaller area, this demonstrates that deltaic

7

processes can produce sequences similar to those driven by glaciallycontrolled sea level changes.
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INTRODUCTION
Regional Setting
The study area on the southwest Louisiana continental shelf is
located between 94°W and 92°W longitude, extending from just west of the
Texas-Louisiana border at Sabine Pass to the western end of Vermilion
Bay, Louisiana (Fig. 1).

Throughout much of the Quaternary, this area

was the principal depocenter for terrigenous clastics in the northwestern
Gulf of Mexico (WOODBURY et al., 1973), resulting in as much as 6000 m of
Quaternary section (FRAZIER, 1974).

During the Holocene, the locus of

deposition has shifted eastward to the modern Mississippi Delta,
resulting in the cessation of major sedimentation in southwest Louisiana.
Glacio-eustatic fluctuations

have played a major role in the

development of the Quaternary stratigraphy of the continental shelf.
Multiple withdrawals of sea level (Figs. 2, 3) have resulted in the
extension of the coastal plain and formation of widespread fluvial and
deltaic facies,

eventually culminating in the deposition of thick

deltaic wedges at the shelf margin (FISK, 1944, 1956; LEHNER, 1969;
SANGREE et al., 1978; SIDNER et al., 1978; WINKER, 1982; WINKER and
EDWARDS, 1983, SUTER and BERRYHILL, 1985).

Ensuing transgressions

submerged, reworked and redistributed the lowstand deposits (CURRAY,
1960; FRAZIER, 1974), often forming broad sand sheets and shoals. Given
sufficient sediment supply, deltaic complexes can prograde across the
shelf during a phase of local sea level rise or stillstand, as has the
modern Mississippi Delta (COLEMAN et al., 1983) producing similar
stratigraphic signatures.
The objectives of this paper are to delineate the late Quaternary
depositional sequences on the southwest Louisiana continental shelf,

9

determine their relationship to sea level fluctuations, and suggest a
possible chronostratigraphic framework.
Data Base
Over 20,000 line km of single channel, analog high resolution
seismic reflection profiles constitute the major data base for this
investigation. Three types of seismic profiling systems were used: 400joule minisparker, ORE Geopulse ( a Uniboom-type system), and 3.5 kHz
subbottom profiles.

The lower frequency minisparker provided better

penetration, thus enabling study of older units, while the 3.5 kHz system
has superior vertical resolution and greater detail in the upper
sediments.

Geopulse profiles were available in limited areas of the

inner continental shelf, but generally provided excellent penetration and
resolution. Data were collected in grid patterns ranging from 1 km x 1
km in nearshore areas, to 5.5 km x 5.5 km in others (Fig. 1). Conversion
of acoustical travel time to depth was made using a sound velocity of
1500 m/sec, which is accurate in the water column and upper sediments.
Geometry of depositional sequences and facies were determined by mapping
major reflectors, and analysis of reflection configuration and character
permitted some lithologic interpretations using procedures outlined by
MITCHUM et al. (1977).

Information on lithology and sedimentology was

obtained from numerous widely spread proprietary platform borings kindly
provided by industry. In the nearshore zone, vibracores obtained as part
of the Louisiana Geological Survey Nearshore Sand Resource Inventory were
used to delineate the stratigraphy of the most recent deposits (Fig. 1).
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HIGH RESOLUTION SEISMIC STRATIGRAPHY
Concepts
According to the concepts of seismic stratigraphy as developed by
workers at Exxon Production Research (VAIL et al., 1977), eustatic
changes are a primary factor controlling the depositional history of
sedimentary basins. A depositional sequence (VAIL et al., 1977) consists
of genetically related strata bounded by regional unconformities or their
correlative conformities.

These unconformities are believed to be

globally synchronous (VAIL et al., 1977; VAIL et al., 1984).

The

deposition of such a sequence is controlled by the changing ratio between
sea level variations and sediment supply.

VAIL et al. (1984) use the

term unconformity for a surface representing a significant time gap with
erosional truncation, either subaerial or submarine, and/or subaerial
exposure. Two major types of unconformities are recognized in this usage
(Fig. 4). Type I unconformities are formed by rapid regression when the
rate of eustatic fall exceeds that of shelf margin subsidence.
unconformities

produce

subaerial

exposure

of

the

Such

shelf, valley

entrenchment, and the initiation of canyon cutting along the shelf edge
(VAIL et al., 1984). When the rate of eustatic sea level fall is less
than the rate of subsidence at the shelf edge, Type II unconformities are
produced.

These are characterized by "subaerial exposure of the inner

shelf but no evidence of canyon cutting" (VAIL et al., 1984). During a
transgression, if the rate of sea level rise becomes significantly
greater than the rate of accumulation, a thin marine stratigraphic
interval called a condensed section may develop (Fig. 4).

The time

represented by a condensed zone may or may not be globally synchronous.
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These concepts are applicable to the study of glacio-eustatically
controlled sea level changes and depositional sequences through the use
of high frequency, high resolution seismic profiles. Sea level fall due
to continental glaciation, and sea level rise resulting from glacial
melting

should produce globally synchronous markers suitable for

application of sequence stratigraphic concepts.

Differences from the

VAIL et al. models arise from the greatly shorter time intervals and
smaller scales associated with glacio-eustatic fluctuations. VAIL et al
(1984) recognize sea level changes based on cycles of relative change of
coastal onlap. The sea level fluctuations mentioned in this report were
identified on the basis of the nature of unconformities and related
facies patterns, as changes in coastal onlap are more difficult to
determine between thin, widespread sequences.
FRAZIER (1974) developed a model for Quaternary sedimentation in the
northwest Gulf of Mexico during a glacio-eustatic sea level cycle (Fig.
5).

During periods of falling and stable base level, progradation

occurs. Aggradation accompanies and follows progradation, until the rate
of rising relative sea level produces a transgression which terminates
the cycle.

In a local, short-term sense, such an interval is a

depositional event, and its sediments comprise a facies sequence.
Multiple depositional events combine to produce a sea level-rated
depositional episode, a major time stratigraphic unit bounded basinward
by marine transgressive events and hiatal surfaces. The boundary of a
depositional episode is poorly defined landward of the shoreline of
maximum transgression. FRAZIER (1974) used the term depositional complex
for the rock units corresponding to depositional episodes.

FRAZIER's
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(1974) depositional complexes contain, but are not bounded by, extensive
subaerial unconformities.
Although this model can be used to define depositional sequences
that relate to glacio-eustatic fluctuations, the boundaries of these
sequences would not coincide with a VAIL et al - type sequence.

In

FRAZIER's (1974) model, sequence boundaries are picked on transgressive
hiatal surfaces, which may

be condensed sections, so that the

transgressive facies are the upper genetic components of the depositional
sequence, rather than being grouped with the overlying regressive
sediments. This association has appeal in that transgressive facies are
genetically related to, and derived from, the underlying sediments.
However, the transgressive hiatal surface may not produce as prominent or
as easily recognizable a seismic reflector as unconformities.
A third process for producing sequence boundaries is

shoreface

erosion during transgression (Fig. 6), which creates an unconformity
called a ravinement surface (SWIFT, 1975). Depending upon wave energy,
shoreface erosion can be an important process. BELKNAP and KRAFT (1985)
found shoreface erosion of up to 10 m on the Atlantic continental shelf
off of Delaware, while PENLAND and SUTER (1983) obtained values of 3-5 m
and 7-10 m for different areas on the Louisiana inner continental shelf.
It is reasonable to expect erosion of similar magnitude on outer shelf
deposits during a glacio-eustatic transgression.

Thus, the lowstand

surface may be subjected to transgressive erosion, and the unconformity
picked as a sequence boundary will actually be a ravinement surface. The
distinction between the lowstand and ravinement surfaces becomes critical
when dealing with aggradational sediments. During rising sea level, the
coastal plain will aggrade, given high sediment supply, as rivers adjust
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to the changing base level. Aggradational sediments which post-date the
lowstands

can

be

incorporated

beneath

the

ravinement

surface,

particularly within entrenched valleys as estuarine sediments (Fig. 7).
Across much of the shelf, the lowstand surface and ravinement surface may
coincide.

They are widely separated in areas of estuarine and fluvial

channel valley fills.

In areas of very low sediment supply during a

transgression, the lowstand surface, ravinement surface, and condensed
zone may coincide.
Sequence boundaries
Within the late Quaternary sediments on the southwest Louisiana
continental shelf, four regional unconformities and numerous localized
unconformities can be recognized on the single channel high resolution
seismic profiles. These regional unconformities, designated as A - D on
seismic profiles, are recognized by discordant relationships between the
underlying and overlying reflections, and generally high amplitude
reflections (Fig. 8).

Buried fluvial and distributary channels are

truncated by these reflectors, and aid in their identification as
unconformities (Fig. 9). The reflectors commonly, though not always, are
marked by lithologic changes seen in platform borings. Because of their
regional nature and relationship to correlative fluvial and deltaic
deposits extending across the shelf to the shelf margin, reflectors A, C,
and D are interpreted as major lowstand surfaces, modified by shoreface
erosion during

post-glacial transgression.

In areas of fluvial

channeling, the ravinement surface across the top of the channel fill may
be a more prominent reflector than the subaerial unconformity at the base
of channel scour (FIGS. 9, 10). Unconformity B also represents sea level
fall, but not to the shelf margin.
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The oldest detectable unconformity, A, occurs at a subbottom depth
of -75 m on mid shelf profiles (Figs. 8, 10), and at a level of -15 m in
the nearshore zone (Fig. 11).

Due to sound attenuation by overlying

sediments and coincidence of acoustic multiples, this reflector could not
be continuously mapped throughout the southwest Louisiana area, but it is
believed to be correlative with a similar reflector found on the upper
Texas continental margin (SIDNER et al., 1978).
The second unconformity B, was recognized in the midshelf area by
erosional truncation of low angle clinoform reflectors (Fig. 8). Channel
systems were formed during the lowstand, but are not nearly as well
developed or numerous as those associated with either younger or older
equences.

This reflector could not be traced to a shelf margin delta

sequence and thus is believed to represent a Type II unconformity (VAIL
et al., 1984).

Problems were inherent in mapping this surface due to

coincidence with acoustic multiples of younger horizons (Figs. 9, 10).
The B reflector was traced in water depths greater than 40 m, and is also
apparent in the nearshore data (Fig. 11).
The uppermost sediments contain two extensive sets of fluvial

channels and shelf margin deltas, separated by a prominent, shelf wide
unconformity C, (Figs. 8, 9, 10).

This surface represents sea level

withdrawal to the shelf margin, prolonged subaerial exposure, and
extensive transgressive erosion.

Unconformity D either forms the

seafloor or is found at very shallow depths in the subsurface. Based on
stratigraphic position, this horizon represents the most recent major
glacio-eustatic sea level withdrawal.

Further onshore, younger, more

localized unconformities are also found, associated with Holocene deltaic
processes.
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The regional unconformities mark the boundaries of the depositional
sequences.

Where the scoured base of the channel forms the lower

boundary of subaerial erosion, and the truncated top of the channel or
eustarine fill represents a transgressive erosion surface, the sequence
boundary was picked at the base of the channel fill. Thus, the channels
are entrenched during the sea level fall that cuts the lower sequence
boundary, and filled during the succeeding sequence. The implication of
such a choice is that all of the channel fill is transgressive, which is
incorrect.

Part of the channel fill represents lowstand deposition,

while the remainder corresponds to.deposition under rising sea level
conditions.

During early post-glacial periods, melt water may increase

flow in rivers whose drainage basins include glaciers by several times
(EMILIANI et al., 1975).

Together with increased sediment supply from

erosion of glacial deposits, this suggests that much of the coarse fill
within the valley sequences relates to the early stages of the
transgression

(FISK, 1944).

However, consistent determination of the

timing of a particular fluvial channel deposit is not considered
practicable. Although a fluvial system cut during a glacio-eustatic sea
level fall and submerged during sea level rise has time-transgressive
fill, the base of channel scour has chronostratigraphic significance
because all sediments above it are younger than those below it.
The ravinement surface forms an easily identifiable reflector which
could be used as a sequence boundary. This choice would result in the
separation of transgressive deposits in the channel fill from the
overlying deposits of the same transgression.

As the use of either

method results in some inconsistency, the concepts of VAIL et al (1977,
1984) were employed to designate the depositional sequences.
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DEPOSITIONAL SEQUENCES
Depositional Sequence 1
Seismic characteristics of depositional sequence 1 are shown in
Figures 8, 10, 11, and 12.

Unconformity A, the upper boundary of

sequence 1 is a prominent, high amplitude reflector on minisparker
profiles (Fig. 8), and most of the energy penetrating to that depth is
reflected. In addition, extensive fluvial down-cutting occurred during
the lowstand, and attenuation of sound energy in the channel fill
increases the

difficulty of resolving sequence 1 sediments. Platform

borings document a succession of stiff, interbedded gray and tan clays
beneath unconformity A in non-channelized areas.

Upper sediments of

sequence 1 are visible on the nearshore Geopulse profiles (Fig. 12).
Shelf margin deltas found at levels of -400 m/sec offshore of south
Texas, upper Texas (SIDNER et al., 1978), and Mississippi-Alabama are
believed to represent lowstand deltas associated with this sequence. Due
to the great thickness of overlying deposits, as well as structural
deformation, the deltas were not recognized in southwest Louisiana. Due
to the recognition of a basinward shoreline sea level shift to the shelf
margin, unconformity A is a Type 1 unconformity, modified by ravinement
in interfluvial areas.
Depositional Sequence 2
Unconformity A forms the lower boundary of depositional sequence 2.
Fluvial channel fill is an extensive facies in the lower part of sequence
2 throughout much of the area. This facies, mapped as a regional sand by
ROEMER and BRYANT (1977), is characterized by complex acoustic reflection
patterns and channel forms. Platform borings through this deposit showed
60 m of coarse to fine sand with occasional gravel.

The system is
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believed to be analagous to the valley-fill system of the modern
Mississippi River (SUTER, 1986).
The reflector forming the upper boundary of sequence 2 is an
erosional truncation surface on the outer shelf (Fig. 8).

Low angle

clinoform reflectors indicate progradation, and channels are found within
the sequence, although neither as numerous nor as well developed as in
overlying and underlying sequences.

Unconformity B was traceable

offshore but lost its unconformable nature and did not correlate with a
shelf margin delta sequence. Landward, the surface could only be traced
for some 30 km north of Figure 8 before becoming unresolvable due to
coincidence with acoustic multiples. However, it is visible on nearshore
profiles (Fig. 11). Vibracores showed that the reflector is the result
of an erosional contact between a 1 m thick shelly sand with a brackish
water fauna (Rangia sp., Crassostrea sp.), and under-lying root mottled,
oxidized sandy silts and clays grading down into laminated gray clays,
representing floodplain and deltaic deposits of sequence 2.
Depositional Sequence 3
Once the transgression had ceased, increased glaciation and renewed
sediment supply caused resumed progradation.

An extensive series of

shelf phase deltaic deposits (Suter and Berryhill, 1985) were laid down
(Fig. 12) covering much of the shelf (Fig. 13).

Thickness of these

deltas reached up to 25 m, with areal extents of over 6000 m2,
Seismically, these deposits are characterized by low angle oblique
parallel to shingled clinoform reflectors in dip sections, and
subparallel to low angle clinoform reflectors in strike sections. The
clino-forms dip toward the southwest.

The toplap pattern of the

reflectors indicates progradation during a relative stillstand or slow

relative fall of sea level. Lithologic descriptions indicate interbedded
sands, silts, and clays typical of delta plain deposits. Abrupt updip
termination of the deposits indicate that initially sea level fell
rapidly from highstand to about -40 m, at which level deposition of the
shelf phase deltas began.
As the sea level fall continued, large fluvial systems were cut into
the subaerially exposed shelf, producing the drainage patterns shown in
Figure 13. These erosional surfaces cover 21% of the study area and have
60 m of relief near the shelf margin. The major extrabasinal system near
the western margin of the area is interpreted as a former position of the
Mississippi River.
Contemporaneous with the fluvial channels and shelf phase deltas are
extensive shelf margin deltas recognized by high angle clinoform
reflectors (Fig. 14).

Deltaic deposits in this sequence have been

considerably deformed by diapirism, faulting, and mass transport of
sediments (Fig. 14). Although maximum thickness of the deltas could not
always be determined, the deposits exceed 150 m in several places (Fig.
13). In relatively undeformed sequences, the tops of the deltas occur at
-300 msec, approximately -225 m. Unconformity C, the upper boundary of
sequence 3, is a prominent high amplitude reflector, mappable from the
shelf margin to the nearshore zone. In the western portion of the area,
this surface loses its distinct character as an erosional unconformity
and appears to merge with conformable reflectors at subsurface depths of
5 m in water depths of 15-20 m. Further east, ringing on the minisparker
profiles and lack of penetration through thicker overlying sediments on
the 3.5 kHz data preclude an accurate assessment, although a similar
situation is judged to prevail.

The transgression which formed the
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ravinement surface that modified unconformity C was produced by a high
sea level lower than that of today.
Depositional Sequence 4
Rising sea level terminated shelf margin delta deposition of
sequence 3 and began transgression of the lowstand deposits. The primary
feature of this transgression was erosion, as evidenced by truncated
deposits (Figs. 9, 10).

Submergence of fluvial systems during

transgression caused by glacio-eustatic rise is believed to produce a
predictable sequence within the channel fill: regressive alluvial sands,
transgressive alluvial sands grading upward into deltaic sands and muds,
capped by aggradational estuarine deposits.

Only the lower portion of

this succession is preserved in sequence 4. Channel fill in the major
rivers in the western part of the area is characterized by high angle
clinoform seismic reflectors which are interpreted as epsilon crossbeds
or point bar accretion surfaces. Channel fill is up to 60 m thick and up
to 20 km wide, while individual channels are calculated to have widths of
over 1 km and depths greater than 30 m.

Reflection patterns within the

channel fill seem to document a multistory sand body (Fig. 9), although
near the shelf margin individual sands reach 60 m in thickness. Platform
borings through the channel fill typically show coarse-grained sediments,
often fining upward from gravel to fine sand. Very little fine grained
material is preserved and the tops of the channels are commonly truncated
(Fig. 9, 10).

Pervasive truncation of sequence 3 deposits indicates a

relatively slow transgression.
Following the transgression, the sea again withdrew to the shelf
margin.

The deposits of this regressive phase are the youngest

encountered at the shelf margin, and can be interpreted as late

Wisconsinan, oxygen isotope stage 2, on the basis of stratigraphic
position.

A late Wisconsinan age designation is strengthened by an

11,700 yr B.P. radiocarbon date for a cypress stump from the outer shelf
(SUTER and BERRYHILL, 1985).
Again, extensive fluvial-deltaic facies were deposited during the
lowstand. One important difference between these deposits and those of
the underlying sequence 3 is the lack of a well preserved shelf phase
delta sequence. This condition is attributed to a very rapid sea level
fall, resulting in relatively thin deposits.
The drainage pattern for the fluvial systems of this sequence covers
29 % of the map (Fig. 15). The more intricate pattern, as compared to
Figure 13, is partly an artifact of the seismic profiling technique. The
deeply buried sequence 3 fluvial systems are often beyond the penetration
range of the high frequency 3.5 kHz subbottom profiler, while the
shallower channels of sequence 4 are fully recorded.

Consequently,

profiles having a higher resolution are available for mapping the younger
channels. By late Wisconsinan time, the locus of deposition for the area
had shifted eastward, where the largest fluvial system is located (Fig.
15).

Although its lateral extent is not as great as that of the older

system in sequence 3 (Fig. 13), individual channels have roughly
comparable dimensions to those of the older rivers, and have similar
reflection character.

This system is also interpreted as a former

Mississippi drainage (SUTER and BERRYHILL, 1985).
Shelf margin delta deposits of sequence 4 cover up to 5000 km2 and
are more than 160 m thick. During late Wisconsinan time, rapid sea level
withdrawal did result in sediment bypassing the shelf in accordance with
seismic stratigraphic models (VAIL et al., 1984).

Toplap of oblique
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tangential reflection patterns typical of most undeformed shelf margin
deltas, as in Figure 16, indicate that much of the deposition of these
features occurs during the lowstand itself. Progradation is largely a
function of relative rates of sediment supply and sea level change
(CURRAY, 1964; COLEMAN et al., 1983), but thickness of progradational
deposits is a function of water depth, relative sea level and subsidence.
The relatively undeformed clinoform reflectors in figure 16 argue against
much localized subsidence during deposition.

Thus, during a slow

eustatic fall with high sediment supply, relatively thin deltas such as
the shelf phase deltas of sequence 3 are deposited (Figs. 12, 13), but
when sea level is stabilized thicker sequences form.

The thickest

progradational deposits are formed during periods of base level stability
and progradation into the deeper water near the shelf margin. This can
be accomplished by progradation of a highstand delta across the shelf,
such as the modern Mississippi, or by formation of lowstand deltas at the
shelf margin.
In several areas along the shelf margin, a number of localized,
buried submarine troughs occur (Figure 17).

These features have been

active during the last several lowstands of sea level. Original length
of the largest trough was about 90 km, width around 16 km, and depth
reached 305 m (BERRYHILL, 1981). Reflection characteristics suggest that
the trough

originated

by a combination of erosional scour and

retrogressive failure of the shelf edge, similar to the origin proposed
by Coleman et al. (1983) for the Mississippi Canyon.
The greater resolution of the profiles in the upper sediments allows
features that relate to short term sea level fluctuations during the
lowstand to be distinguised. These may be related to glacial advances
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and retreats (WINKER, 1982; SUTER et al., 1984; SUTER AND BERRYHILL,
1985). These features include vertically stacked lobes of shelf margin
deltas, composite fluvial systems, disconformable surfaces at the shelf
margin, and intertongued transgressive and regressive deposits.

A

maximum of three vertically stacked lobes were recognized in the shelf
margin deltas, indicating two sea level fluctuations following lowstand,
and preceeding terminal transgression.
Depositional Sequence 5
Rising sea level at the close of the late Wisconsinan stage marked
the beginning of the Holocene transgression, which differed from that of
the immediately preceding transgression in several important aspects.
Considerable erosion of late Wisconsin lowstand deposits occurred along
the outer shelf forming a wave-cut terrace (Figs. 17, 18a, 18b),
submergence of fluvial channels produced extensive estuarine deposits
(Fig. 19) and multiple, extensive shore parallel sand bodies were
deposited at various positions on the continental shelf (Figs. 19, 20).
Fine grained sediments were deposited on the outer shelf during the
transgression (Fig. 17). These deposits drape some of the shelf margin
deltas and cover the wave cut terrace along the outer shelf.
Transgressive sediments are very thin in the western part of the area,
forming a condensed section of Vail et al (1984), but thicken
considerably eastward, reaching a thickness of 15 m (Fig. 20).
The wave cut terrace (Figs. 17 and 18a) is one manifestation of
outer shelf truncation.
shoreface

erosion

during

Cutting of this terrace probably began by
an

early

stillstand

in

the

Holocene

transgression with a sea level of -90 to -80 m. This feature is also
present offshore of Mississippi-Alabama, and south Texas (SUTER and
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BERRYHILL, 1985). The deepest occurrence of the terrace corresponds to
FRAZIER's (1974) figure of -91 m for the late Wisconsinan low stand.
Further evidence of transgressive erosion can be seen throughout the
shelf in a number of different settings. Aggradational fluvial deposits
were particularly susceptible with results ranging from minor erosion of
overbank deposits to complete planationof levees (Fig. 18b). At several
elevations on the shelf slightly increased gradients mark truncation
surfaces which may be preserved shorefaces.
The drainage pattern in Figure 15 shows several east-west oriented
systems similar in size to modern bays and lagoons along the Texas and
Louisiana coastlines.

Sediments contained within these features are

characterized seismically

by disorganized, chaotic to high angle

clinoform reflectors, overlain by conformable, parallel to subparallel
reflectors which onlap channel margins.

High amplitude, mounded

reflectors representing oyster banks and/or reefs are often found at
various levels in the fill (Fig. 19).

This succession represents the

transition from fluvial to estuarine deposition during rising sea level.
Platform borings through these deposits confirm this interpretation,
showing soft interbedded clays, silts, and sand with high shell content.
A vibracore taken in an estuarine deposit nearshore showed oysters in
growth position.
Lagoonal systems depend upon stable or rising sea level and the
existence of barrier shorelines to provide shelter from the effects of
waves.

The existence of barriers and lagoons implies the existence of

tidal inlets, raising the possibility that some of the channel deposits
mapped in Figure 15 represent inlet fill. Transgressed tidal inlets have
been recognized on the Atlantic shelf (KUMAR and SANDERS, 1974; HINE and

SNYDER, 1985), and on the Louisiana shelf (PENLAND and SUTER, 1983;
PENLAND et al, 1985; SUTER and PENLAND, 1985), and can form an extensive
facies. The tendency of inlets to reoccupy old fluvial and distributary
channels, and similar seismic facies for inlet fill made differentiation
difficult. Channels found within estuarine sequences (Fig. 19) could be
inlet fill as inlets tend to form by downcutting into estuarine sediments
during transgression.
Reworking of the late Wisconsinan deltas produced a transgressive
sand sheet across much of the shelf (CURRAY, 1960; FRAZIER, 1974). A
series of east-west oriented sandy shoals occur at several elevations
(Figs. 19, 20) (CURRAY, 1960; FRAZIER, 1974; NELSON and BRAY, 1970).
These deposits vary from 24 km by 6 km on the outer shelf, up to over 90
km by 10 km for the Sabine bank trend on the inner shelf (Fig. 20). Most
of the deposits are 3-5 m thick, but reach over 6-7 m in some areas
(SUTER et al., 1985) showing geometric similarities to modern barrier
islands, as well as inner shelf shoals found associated with the
abandoned lobes of the modern Mississippi Delta (PENLAND et al., 1986).
Considerable discussion prevails about the nature of the Holocene
transgression.

FAIRBRIDGE (1961) believed the transgression was

episodic, including regressive as well as transgressive phases, while
SHEPARD (1963) argued for a smoothly asymptotic rise. The deposits on
the southwest Louisiana shelf seem to support an episodic transgression.
The shoals have been interpreted as shoreline or nearshore sands
representing stillstand positions during the Holocene transgression
(CURRAY, 1960; NELSON and BRAY, 1970; FRAZIER, 1974; GAGLIAN0 et al.,
1982). FRAZIER (1974) reported four distinct strand lines at levels of90 m, -53 m, -42 m, and -16 m, with corresponding ages of 17000 BP, 12960

BP, 9460 BP, and 8500 BP, based on radiocarbon dates of surf zone and
nearshore fossils and brackish marsh peats. He correlated the stillstand
intervals directly with continental glacial advances and found striking
similarities.
Only three lagoonal trends are recognizable in this study (Fig. 15)
so that the four strandlines of FRAZIER (1974) could not be a simple
matter of barrier island lagoonal association. In fact, more than four
distinct trends of shoals are present on the shelf (Fig. 20). Possibly,
the original formation of some of these deposits was related to downdrift
transport of coarse material from the early Holocene Mississippi Delta,
meaning that the shoal age trends would be associated with both
"eustatic" and local events, making a confused picture. GAGLIANO et al.
(1982) classified the shoals into a number of different coastal
landforms, but appear to have discounted the effects of shoreface erosion
and ensuing landward migration of barriers, a process affecting Holocene
Mississippi Delta inner shelf shoals (PENLAND et al., 1985; SUTER et al.,
1985). Ship Shoal has migrated landward as much as 1.5 km in the last
100 years, based on repetitive bathymetric surveys (PENLAND et al.,
1986). Additionally, some shoals may have formed as marine sands, never
representing coastal barrier facies at all. Reflection patterns for many
of the shoals (e.g., Figs. 19 and 21) indicate a sharp basal relationship
with underlying sediments, rather than the gradational one expected for
an in-placed drowned coastal barrier. Until a thorough coring study tied
to the regional seismic data can be made, interpretations of the
depositional environments of the shoals and their direct correlation to
sea level changes is problematic.

In the northeastern portion of the study area lies an abandoned
complex of the Holocene Mississippi Delta (Fig. 17), deposited some
6,000-10,000 years ago (FRAZIER, 1967). Within the study area, sediments
of this delta extend some 110 km onto the shelf, and reach thicknesses of
15 m (SUTER, 1985). East of the area, these deposits reach a maximum
thickness of about 42 m (FRAZIER, 1967). This delta, part of the oldest
of the early Holocene Mississippi deltas that form a significant deltaic
platform further to the east, probably formed during a stillstand in the
Holocene sea level rise (FRAZIER, 1974). In dip sections, the deposit is
characterized by low angle oblique parallel seismic reflectors that are
similar to the shelf phase deltas in sequences 2 and 3. Subtle changes
in angular relationships result from stacking of multiple lobes within
the complex. Platform borings through the delta record very soft to firm
gray clay interbedded with sands, silts, and shell material. Channels
seen in the seismic profiles (Fig. 21) exhibit much different geometries
and seismic facies from those interpreted as fluvial in the underlying
sequences, and are believed to represent distributaries.
The Chenier Plain which forms much of the current shoreline of
southwest Louisiana is also a prograding unit, although it consists of
alternating transgressive and regressive deposits. The Chenier Plain has
prograded some 30 km in 3000 years, and reaches thicknesses of 7-8 m
(BYRNE et al., 1959; GOULD and MCFARLAN, 1959).

Recent sedimentation

from the Atchafalaya Delta has initiated a new phase of Chenier Plain
progradation.
Depositional Sequence 6
Avulsion of the Mississippi river resulted in abandonment and
transgression of this delta complex around 6000 BP (FRAZIER, 1967),
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creating a new depositional sequence.

In the shallow water early

Holocene Mississippi Deltas, the thickness of the transgressive phase is
often nearly equivalent to the deltaic progradational package (PENLAND et
al., 1985).

Trinity Shoal (Figs. 20, 22) is a transgressive sand body

associated with the deltaic facies in this area.

The shoal is 5-7 m

thick, 36 km in length, and 5-10 km wide. On seismic sections, the shoal
sand consists of parallel to low angle clinoform reflectors.

The

occurrence of channel features within the shoal sand body itself suggests
the presence of tidal inlets, indicating that Trinity Shoal is at an
earlier stage in the shoal evolutionary sequence (SUTER et al., 1985)
than its eastern counterpart Ship Shoal, associated with an earlier delta
complex (Penland et al., 1985), and will continue to migrate landward by
erosional shoreface retreat.
DISCUSSION
Chronology of Sequences
The absolute age of each depositional sequence and its exact
correlation with late Quaternary sea level fluctuations cannot be
provided due to an absence of samples for dating, as well as
uncertainties in global sea level chronology (BUTZER, 1983). SIDNER et
al. (1978) and BEARD et al. (1982) have provided stratigraphic frameworks
for late Quaternary deposits in the northwest Gulf of Mexico. SIDNER et
al. (1978) found two major stages of shelf margin outbuilding, dating the
intervals paleontologically and isotopically as beginning 350,000 BP and
80,000 yBP. BEARD et al. (1982) employing geochemical, paleontological,
magnetic, and seismic techniques, found four glacio-eustatic cycles in
the last 100,000 years of the Quaternary section (Fig. 2). Sea level
curves developed from oxygen isotopes from deep sea cores, tropical coral

terraces and related fauna (SHACKLETON and OPDYKE, 1973; BLOOM et al.,
1974; FAIRBANKS and MATTHEWS, 1979; AHARON, 1983; WILLIAMS, 1984), show
even larger numbers of fluctuations (Fig. 3).
Considerable margin of error exists in assigning ages to the
sequences in the late Quaternary sediments on the southwest Louisiana
continental shelf.

Based on stratigraphic position and comparison to

published chronologies, the sequences seen in the high resolution seismic
profiles can be interpreted with increasing confidence as the relative
age decreases.

Sequence 1 is interpreted to represent the lowstand

associated with the last full glacial, or Illinoian stage, oxygen isotope
stage.

The Sangamonian interglacial period, oxygen isotope stage 5,

corresponds to the basal portions of sequence 2, while the regressive
upper part of sequence 2 represents the beginning of outbuilding in the
Wisconsinan glacial stage, oxygen isotope stage 4. SIDNER et al (1977)
dated the progradation at 80,000 yBP, while BEARD et al (1982) give a
date of 60000 yBP for this event, which they correlated with the early
Altonian glacial substage.

Sequence 3 then brackets early Wisconsinan

transgressive and regressive deposits, the middle and late Altonian of
BEARD et al (1982), oxygen isotope stage 3, while sequence 4 represents
middle

Wisconsinan

trangressive

and

late

Wisconsinan

sea

level

withdrawal, oxygen isotope stages 3 and 2. The Holocene transgression,
oxygen isotope stage 1, and progradation and abandonment of the early
Holocene Mississippi Delta are represented by sequences 5, and 6.
Magnitude of Sea Level Fluctuations
Despite intensive research by many investigators, the extent of sea
level lowering at the time of the last glacial maximum is still a matter
of dispute, given at -120 + 60 m (BLOOM, 1983). Shackleton (1977) used

oxygen isotope data to estimate the magnitude of late Wisconsinan sea
level fall at as much as 160 m.

The magnitude of lowering for the

northwest Gulf of Mexico has been variously estimated at -140 m by FISK
and MCFARLAN (1955),
(1974).

-120 m by CURRAY (1960), and -91 m by FRAZIER

Recent work on the Atlantic shelf (DILLON and OLDALE, 1978;

BLACKWELDER, 1980) suggests a maximum lowering of about -80 m, although
BELKNAP and KRAFT (1981) advocated a figure of greater than -100 m.
Sea level fall during a glacio-eustatic cycle is a function of a
number of factors, including the absolute water volume change due to ice
formation, the tectonic setting and neo-tectonics of the area in
question, and the ratio of subsidence and sea level. Different estimates
for the maximum glacio-eustatic lowering from different areas serve to
emphasize the conceptual difficulties in the term global eustasy (M0RNER,
1986).

Variable effects of geoidal deformation (M0RNER, 1976) and

isostasy indicate that for the continental shelf, as for the many
"eustatic" curves developed from coastal data (BLOOM, 1977), each area
may have its own relative sea level curve.
Erosional and depositional features beneath the southwest Louisiana
shelf strongly suggest sea level withdrawal to the vicinity of the shelf
margin

during

the

last

glacial

maxima.

Shelf-wide

erosional

unconformities, buried fluvial systems, and correlative deltaic deposits
at the shelf margin indicate a maximum lowering to -120 to -130 m,
compared with present sea level. This figure is obtained by measuring
the depth at the brows of six Late Wisconsin shelf margin deltas
throughout the Gulf of Mexico from south Texas to Mississippi-Alabama
(SUTER and BERRYHILL, 1985).

Reflection patterns within the deltas

demonstrate a lack of post-depositional deformation (Fig. 16), so that

this estimate is reasonable. Further support for sea level lowering of
this magnitude comes from the occurrence of carbonate reefs and banks
with shallow water fauna, and erosional truncations at the tops of
diapirs found at depths of up to -150 m (POAG, 1973; SUTER et al., 1984).
Although shoreline withdrawal to the vicinity of the shelf margin
can be documented, corrections for change in the elevation of the shelf
margin since the lowstand must be made.

Factors affecting this

correction are the rate of shelf margin subsidence due to sediment
loading, tectonic subsidence, and subsidence due to hydroisostasy, or the
weight of the water column.

These have been studied and modeled

(WALCOTT, 1972; CHAPPELL, 1974; CLARK et al., 1978). Two of the studies
cited above state (WALCOTT, 1972; CHAPPELL, 1974) that the Texas and
southwest Louisiana shelves have been relatively stable. Walcott (1972)
indicated that this area would not reflect any substantial change to
elastic deformation.

Chappell (1974) calculated the maximum glacio-

eustatic sea level at -135 m. However, CLARK, et al. (1978) state that a
sea level fall of -103 m on the Atlantic shelf would produce a sea level
of -120 m in the Gulf of Mexico. Their model predicts a maximum eustatic
sea level lowering of 75 m. In view of this uncertainty, the figure of125 m to -130 m must be considered as the maximum lowering.

It is

interesting to note that this same level occurs offshore of south Texas,
upper Texas, southwest Louisiana, and Mississippi-Alabama.
Another vexing problem in sea level research is the question of the
maximum Farmdalian, or middle Wisconsinan, oxygen isotope stage 3,
highstand (SAUCIER, 1977; BLOOM, 1983). Many researchers along the Gulf
and Atlantic coasts of the United States (e.g. CURRAY, 1960; MILLIMAN and
EMERY, 1968; FRAZIER, 1974) presented evidence that sea level rose to

near its present position sometime during the middle Wisconsinan, based
on radiocarbon dating of peats and marine and estuarine shells. THOM
(1973) carefully reviewed the available data and concluded most of the
supporting dates were invalid.

SAUCIER (1977) reviewed a number of

features along the northern Gulf coast which he cautiously suggested
represented middle Wisconsinan transgression. BLOOM (1983) in the most
recent review of the question, rejected the concept of a middle
Wisconsinan highstand near or above present sea level, estimating its
position at no more than -40 m (BLOOM et al., 1974). Recently, however,
GOY and ZAZO (1986) reported a possible middle Wisconsinan sea level
above the present in western Spain based on 23° U/234 Th dates, and
GONZALEZ et al. (1986) used radiocarbon dates to document such a sea
level in Argentina.
No ravinement by middle Wisconsinan shoreface erosion can be
documented for depths shallower than about -20 m on the southwest
Louisiana shelf, so that the associated shoreline was considerably
seaward of the present, but well landward of one that would correspond to
sea level of -40 m.

Sea level rises

associated with the earlier

interstadial events in the early Wisconsinan appear to have come closer
to the present sea level than did that of the middle Wisconsinan. BLOOM
et al. (1974) found an early Wisconsinan interstadial sea level maximum
at -15 m in New Guinea, so that our older unconformity C could correspond
to this period.

Alternatively, as the coral terrace sea level curves

show several interstadial maxima at around -15 m in early Wisconsinan
time, unconformity B could also correspond to one of these periods, as
the levels are a closer match. This problem requires further research.
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Preservation Potential
The question of preservation potential is fundamental to the
interpretation of the depositional sequences. FISCHER (1961) suggested
that preservation was a function of the depth of shoreface erosion as
transgression progressed.

BELKNAP AND KRAFT (1981) cited the rate of

relative sea level rise as most important to preservation, with rapid
rise favoring greater preservation.

This idea has been adopted in

interpreting the sequences shown in this paper.
Each of the transgressions studied has its own erosional signature.
Sequences 2 and 3 have relatively thick transgressive sediments, sequence
4 shows extensive truncation of pre-existing deposits and little or no
estuarine development, sequence 5 shows extensive truncation, estuarine
development, and pervasive sand shoal deposition.

Sequence 6 shows

fairly complete preservation of underlying deltaics, with reworking of
coarse grained materials into sand shoals. The most pervasive erosion
appears to have occurred during sequence 4, truncating channel fill
deposits and aggradational sediments down to the deltaic deposits of
sequence 3.

Alternatively, little or no aggradational or estuarine

deposits may have formed, although this is considered less likely. The
lack of sand shoals in sequence 4 is puzzling, but may be attributable to
erosion by shelf currents during transgression or subaerial erosion in
the subsequent lowstand.
The preservation of the shoals in sequences 5 and 6 is intriguing.
Shoals in the western part of the area have been subjected to shoreface
erosion and landward migration, reworking at least their upper portions.
These will likely be subaerially exposed during tne next sea level fall
and suffer further erosion.

Trinity Shoal, by contrast, has excellent

33

preservation potential due to its impending burial by the newly active
Atchafalaya Delta.
Regressive facies suffer from shoreface erosion upon transgression,
but the majority of prograding sequences can be preserved if subsidence
and burial occur.

Shelf margin deltas exhibit excellent preservation

potential, while the shelf phase and stillstand deltas have a greater
percentage of their total section reworked.
Preservation

potential

of

fluvial

deposits

is

variable.

Transgression of levee and upper floodplain deposits produces truncation
(Figs. 9, 10, 17b) while burial results in excellent preservation (Fig.
11). Basal channel fill facies have the greatest preservation potential.
CONCLUSIONS
High

resolution seismic reflection profiles, supplemented by

platform borings and vibracores, document that the stratigraphy of the
southwest Louisiana continental shelf is the result of a number of
glacio-eustatic and isostatically driven sea level fluctuations.

The

major conclusions of this study are as follows:
1. Five depositional sequences related to glacio-eustatic sea level
fluctuations have been identified in the upper Quaternary section of
the southwest Louisiana continental shelf. Sequence boundaries are
formed by regional unconformities consisting of lowstand surfaces
modified by shoreface erosion during transgression. Throughout much
of the area, the ravinement surface has eroded into aggradational
lowstand deposits so that these two unconformity types coincide on
one surface. Separation of the two surfaces occurs in valley fill
sequences, where the base of the channel represents the lowstand
unconformity and the truncated top of the channel fill is a
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ravinement surface. On some areas of the outer shelf, the lowstand
surface, ravinement surface, and condensed interval can coincide.
2. A sixth depositional sequence has been formed by abandonment of
an early Holocene complex of the modern Mississippi delta.
3. Sequences formed by glacio-eustatic sea level fluctuations are
characterized by withdrawal of sea level close to or beyond the
shelf margin, prolonged subaerial exposure of the shelf, and
extensive fluvial erosion.

Depending upon the rate of sea level

withdrawal, deposition of relatively thin (less than 40 m),
widespread shelf phase deltas may or may not occur. These deposits
will be reworked by fluvial processes upon subaerial exposure of the
shelf. Fluvial erosion can result in widespread drainage newtworks
covering up to 30% of the area. Incised valleys are up to 60 m deep
and 50 km wide, with individual channels having dimensions greater
than 35 m in depth and 1 km in width. The thickest deposits in the
sequences are found at the shelf margin, where progradation of
deltas at lowstand can produce accumulations over 160 m in thickness
and 5000 km2 in area. Upon sea level, rise transgression results in
the aggradation of the coastal plain and the filling of the incised
valleys.

Much of the deposition within the valleys may be in

response to the increased run off and sediment load from early post
glacial melting and erosion of glacial deposits.

Continuing sea

level rise causes formation of estuaries within drowned valleys,
followed by truncation by shoreface erosion as transgression
continues.
4.

The depositional sequence produced by Holocene deltaic

progradation covers a smaller area, but reaches similar thickness on
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the shelf.

Progradational deposits resemble those in glacio-

eustatic shelf phase deltas, but lack the regional subaerial
exposure surfaces, and extensive fluvial facies.

Abandonment and

transgression of the deltas has produced shelf shoals comparable to
those formed during the transgression of the Pleistocene deposits
further west.

The shoals associated with the Holocene deltaic

complexes probably have a higher preservation potential than those
on the non-deltaic portions of the shelf due to impending burial by
the newly active Atchafalaya delta.
5. Three times during the late Quaternary, sea level was at or near
the shelf margin.

On the basis of strati-graphic position, these

withdrawals are tentatively correlated with the Illinoian, oxygen
isotope stage 6; early Wisconsinan (late Altonian), oxygen isotope
stage 4; and late Wisconsinan, oxygen isotope stage 2. A fourth sea
level drop that did not reach the shelf margin is correlated with
the early Wisconsinan (early Altonian), oxygen isotope stage 4. For
the late Wisconsinan, measurements of erosional features on shelf
margin deltas throughout the northwest Gulf of Mexico suggest a
maximum sea level lowering of -125 m to -130 m.

Clinoform

reflectors of older deltaic deposits are found further seaward,
suggesting that sea level lowering during their deposition was to
similar levels. With one exception, sea level rises associated with
the transgressions cannot be fully determined as their erosional
surfaces pass under the modern shoreline.

The ravinement surface

correlated with middle Wisconsinan, isotope stage 3, transgression
pinches out at a current depth of -20 m.
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Figure 6. Models for shoreface erosion during rising sea level,
resulting in formation of the unconformable ravinement
surface. A) If the coastal profile is in equilibrium with
nearshore energy, sea level rise causes a landward and
upward translation of the profile, resulting in shoreface
erosion and potential aggradation offshore. Nearshore and/or
shelf currents may remove the aggrading sediments (after
BRUUN, 1962). B) A stratigraphic model for barrier island
retreat and shelf sand formation by erosional shoreface
retreat during rising sea level (after SWIFT, 1976).
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Figure 10. Minisparker profile of a large sequence 3 fluvial channel.
Letters designate unconformities and numbers designate
sequences discussed in text. Large scale, high angle
clinoform reflection patterns represent point bar accretion,
the dominant channel fill type in fluvial facies of sequence
4. Attenuation of sound energy as well as multiples of
overlying sequences obscure base of channel and
Unconformity B in this profile. For location, see Figure 13.
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Figure 11. Geopulse seismic profile taken in very shallow water near
Cameron, Louisiana.
Letters and numbers refer to
unconformities and sequences discussed in text.
All
unconformities designated by letters represent low stand
surfaces A, B, and D have been modified by ravinement, while
E was buried by progradation of upper sequence 2 deposits.
Deposits designated a and b within sequence 2 represent
period of transgression and aggradation, respectively,
following sequence 1 lowstand. Note well preserved low angle
clinoform reflectors and multiple surfaces within 2b
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meandering coastal plain stream. Unconformity C pinches out
seaward of this profile, so that correlative boundary between
sequences 3 and 4 is to be found within a continuous sequence
of root mottled interbedded, reddish brown and tan clays and
silts, representing floodplain deposits of both sequences 3
and 4. A thin veneer of silty Holocene clay rests on top of
unconformity D.
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Figure 12. Minisparker profile of a sequence 3 shelf phase delta
deposit. Letters and numbers refer to unconformities and
sequences discussed in text. Toplap pattern of clinoform
reflectors in sequence 3 is seen to be erosional truncation
on corresponding 3.5 kHz profile. For location, see Figure
12. Modified from SUTER and BERRYHILL, 1985).
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INTRODUCTION
Since the early work of Fisk (1944, 1956) on the Mississippi River,
it has been known that glacio-eustatic lowering of sea level caused the
incision of fluvial systems into the exposed continental shelf. During
maximum glaciation sea level withdrew to or near the shelf margin,
resulting in discharge of coarse sediments onto the outer shelf and upper
slope.

On the exposed coastal plain/shelf surface floodplain deposits

accumulated and soil profiles formed. As continental glaciers began to
melt, rising sea level submerged the fluvial systems, forming estuaries
that eventually were filled with sediments as the shelf was transgressed.
These concepts were expanded by Frazier (1974) into a model of
depositional episodes that defined the timing and relative importance of
progradation, aggradation, and marine transgression within a glacioeustatic

cycle.

Maximum

progradation,

accompanied

downcutting, occurs during sea level withdrawal.

by

fluvial

Aggradation lags

slightly behind progradation both in time and space; progradational units
are thickest offshore, while aggradational units thicken landward.
Marine transgression caused by relative sea level rise terminates the
cycle.
Sediments deposited during such a cycle make up a depositional
sequence. In the uppermost late Quaternary sediments of the southwestern
Louisiana continental shelf three separate depositional sequences have
been recognized on high resolution seismic-reflection profiles. Within
these sequences are four sets of buried channels. The oldest channels
are at subsurface depths of °75 m (246 ft) at mid shelf.

They are

designated as pre-Wisconsinan and are presumed to mark the Illinoian low
stand of sea level. These channels are recorded only in certain areas of
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the continental shelf where penetration was sufficient and where sea
floor and other sound multiples of younger sediments do not obscure older
features.

The youngest channels are distributaries associated with an

abandoned Holocene deltaic complex of the Mississippi River.

The two

middle sets of buried channels, interpreted as representing substages of
the Wisconsinan glacial stage, are designated early and late Wisconsinan
respectively.
Early workers (Fisk, 1959; Curray, 1960) assumed that during sea
level low stand the major coastal rivers followed simple straightline
courses to the shelf edge, an assumption that has persisted in the
literature (e.g. Matthews, 1984, fig. 16.11).

Detailed studies also

followed the practice of assigning paleo-fluvial drainages to modern
bathymetric depressions.

Seismic-reflection profiling demonstrates no

consistent relationship between location of paleo rivers and modern shelf
bathymetry (Knebel et al, 1979; Twichell et al, 1977; Swift et al, 1980;
Johnson et al, 1982).

Complexity of ancient drainage patterns is such

that correlation with modern river systems is not always possible (Suter
and Berryhill, 1985).
Two basic types of fluvial systems are observed on the shelf:

1)

major systems representing extrabasinal streams whose drainage extends
beyond the limits of the coastal plain; and

2) smaller stream channels

that drain the coastal plain and may or may not be tributary to the
extrabasinal rivers (Galloway, 1977).

The distinction is important in

understanding that not all shelf fluvial systems have behaved in a manner
alanagous to the Mississipi (Fisk, 1944); thus, a Bloom (1983) suggested,
fluvial entrenchment is less than previously believed.

Although some

larger extrasasinal systems could be considered as entrenched valleys,
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most coastal plain streams merely extended themselves across the broad,
low gradient of the continental shelf without significant incision.
Excellent examples of coastal plain type channel deposits (streamplain
deposits) are shown in chapter II.
Because channel positions and types of fill are interpreted from
profiles spaced in a grid of 5.5 x 5.5 km (3 x 3 naut. mi) the finer
details of fluvial facies, as discussed by Cant (1982), cannot be
resolved.

The seismic-reflection patterns, however, can be used to

estimates of morphological parameters, such as the channel width/depth
ratios necessary for general interpretation of fluvial types. Many of
the channels display prominent clinoformal reflection patterns that are
interpreted as the epsilon crossbeds (Allen, 1963) of point bar surfaces.
By determining the average length of these reflecting surfaces, channel
width can be calculated from the empirical relationship, W = 1.5L (Allen,
1965; Cotter, 1971), where W = channel width and L = length of the
reflecting surface. Channel depth can be obtained by direct measurement
of the thickness of the clinoformal sections (Allen, 1965; Leeder, 1973).
These depth measurements are approximate, however, because of differences
in channel depth between bench and straight reaches and because of the
effects of compaction (Etheridge and Schumm, 1978).
Channel width also can be calculated empirically from measurements
of coarse fill (Leeder, 1973) according to the equation, W = 6.8D1*54
where W = width and D = depth. This formula is less useful, however, for
measurements of Pleistocene channels on profiles lacking well defined
clinoformal reflectors because of the difficulty of separating individual
channels in coarse-grained fill.

EARLY WISCONSINAN FLUVIAL SYSTEMS
The modern sea floor topography of the continental shelf off
southwestern Louisiana is shown by the bathymetric map (Fig. 111-1). For
comparison, Figure 111-2 is a structure contour map of a reflector
representing the erosional

unconformity interpreted as the early

Wisconsinan low stand surface. The drainage pattern for fluvial systems
of early

Wisconsinan age is shown on Figure II1-3 and covers

approximately 21% of the map area. It should be emphasized that Figure
III-3 is a map of stream courses, not necessarily individual timesynchronous channels. The duration of a given low stand may be several
tens of thousands of years, sufficient time for considerable channel
migration and relocation. Differences in channel size and seismic facies
allow distinction between different fluvial systems, but not between
multiple channels of the same system.
The drainage pattern on Figure 111-3 is dominated in the west by a
large extrabasinal stream.

Individual channels of this western system

have subsurface depths greater than 35 mm (115 ft) and widths greater
than one kilometer (0=6 mi). Total fluvial fill in the western stream
system, however is up to 60 m (197 ft) thick and extends laterally as
much as 50 km (30 mi). Width to depth ratios are generally greater than
30:1, indicating a mixed load river of moderate sinuosity. The distinct
clinoformal reflection pattern shows that lateral migration was an
important process, and platform borings through the deposits show
sequences grading upward from gravel to fine sand. The western fluvial
system is interpreted as an early Wisconsinan Mississippi River having
characteristics similar to the modern Yazoo Basin (Fig. 111-4).
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The distributive pattern for the channels on Figure III-3 has a
northeast-southeast orientation that was caused by either structural tilt
of the shelf or subsidence-induced loading in the Pleistocene depocenter
(Woodbury et al, 1973).

Modern shelf bathymetry, however, reveals no

such trend, and, in fact, the early Wisconsinan erosional surface of
Figure 111-2 is tilted to the east by loading in the area of the modern
Mississippi delta.
Diapirism

was an

important process that influenced fluvial

development and channel position on the southwestern Louisiana shelf.
Penecontemporaneous movement of diapirs formed swales and topographic
highs that controlled channel location on the shelf margin. Movements of
diapirs also caused local changes in fluvial channel positions (profiles
A-A1 and B-B1, Figs. 111-5 and 111-6) that resulted in both increased
downcutting in response to diapiric uplift and extensive lateral
migration.

Another result is the common occurrence of thick fluvial

sands adjacent to diapiric uplifts (Fig. II1-7)The initial stages of a eustatic sea level withdrawal are
characterized by rapid progradation of relatively thin shelf-phase deltas
across the continental shelf (Suter and Berryhill, 1985; chapter IV).
Such deposits are frequently cannibalized by both contemporaneous and
subsequent fluvial erosion.

Profiles C-C1 through E-E' (Figs. III-8

through 111-11) show the relations of shelf fluvial systems to shelfphase deltas.

These profiles are unique because they show the relations

of shelf fluvial systems to shelf-phase deltas.

These profiles are

unique because they show the only crevasse splay deposits recognized on
the continental shelf in the northern Gulf of Mexico. The stacked sets
of oblique clinoformal reflectors in the crevasse splay indicate repeated
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floods along this segment of the large river channel and suggest a
relatively poorly developed levee system.

The crevasse deposits

prograded away from the fluvial channel onto the slightly older sediments
of the early Wisconsinan shelf-phase delta.
Profiles F-F' through L-L' (FIGS. 111-12 through 111-18) show the
effects of diapiric activity on the early Wisconsinan fluvial systems.
Diapiric

uplift caused switches in channel location and channel

migration, as well as increased incision by the entrenching streams.
Extensive channel migration is documented by the prominent clinoformal
reflection patterns of the channel fill that are interpreted as
representing lateral accretion. Increased incision results in very thick
fluvial sequences, up to 60 m (197 ft) on the outer shelf.
Also shown in profiles F-F1 through L-L1 are regressive and fluvial
deposits of an earlier low stand (IIlinoian?). Throughout much of the
study area streams of early Wisconsinan age are superimposed on an older
drainage system, illustrating the tendency of major extrabasinal rivers
to occupy the same drainage courses through time (Galloway, 1981).
Because of sound

attentuation by overlying coarse-grained early

Wisconsinan fluvial sediments and the coincidence of acoustic multiples,
detailed mapping of the older system throughout the area was not
possible. Where mapping could be done in a generalized manner, however,
the system is more than 20 km (12.5 mi) wide and up to 60 m (197 ft)
deep.

The complex acoustic reflection patterns of the channel fill

indicate coarse-grained material, a composition confirmed by platform
borings showing thick sequences of coarse sand with occasional gravel.
This system, designated as a regional sand by Roemer and Bryant (1977),

may be arialagous to the valley-fill system of the Mississippi River
(Fisk, 1944).
A useful feature of . the ancient fluvial systems is their potential
for determining the chronology of diapiric movement. Profile L-L1 (FIG.
111-18) shows an uplifted early Wisconsinan fluvial channel near the
shelf edge. An undeformed late Wisconsinan channel near the top of the
sequence pinpoints the most recent diapiric movement as middle to late
Wisconsinan.

Profile L-L1 also shows a good example of an estuarine

deposit overlying an early Wisconsinan fluvial system.

The deposit

resulted from transgression into a small structural basin on the shelf
side of the rising diapir.

Estuarine deposits are recognized on the

seismic-reflection profiles by their location within channel perimeters
and by their conformable, even to wavy parallel reflection patterns.
Extensive estuarine development did not accompany middle Wisconsinan
transgression. The isolated occurrence of estuarine facies in the early
Wisconsinan streams sharply contrasts with the common occurrence of such
deposits in late Wisconsinan fluvial systems.

LATE WISCONSINAN FLUVIAL SYSTEMS
Distribution of buried fluvial channels and deposits of late
Wisconsinan age is shown by figure I11-19.

The channels were incised

into the continental shelf during the last major glacio-eustatic sea
level low stand. The channel pattern for the late Wisconsinan streams,
covering about 28% of the map area, is more intricate and complex than
that for the early Wisconsinan streams. The greater complexity is partly
real and partly a result of the seismic analytical technique employed.
The more deeply buried early Wisconsinan fluvial systems are beyond the

penetration range of the high frequency 3.5 kHz system, whereas the
younger late Wisconsinan streams are nearer to the sea floor and are
easily

penetrated

by

the 3.5

kHz

subbottom

profiling

system.

Consequently, more profiles having higher resolution are available for
mapping the late

Wisconsinan fluvial

channels during

very late

Wisconsinan and early Holocene transgression.
The fill in late Wisconsinan fluvial channels is composite.

At

least twice and perhaps three times during the regression sea level
oscillated sufficiently to cause retrenchment.

In most cases existing

channels were reoccupied, but in others slightly younger channels overlie
their immediate antecedents.

The channels outlined by dotted lines on

figure I11-19 are those eroded during initial regression and not
reoccupied during later retrenchment. Fluvial aggradation and meandering
also can produce multitiered channels. On the outer shelf, however, the
fluvial channels have truncated tops and are overlain by sediments that
thicken offshore, providing evidence of relative sea level fluctuation.
Major extrabasinal streams in this area shifted eastward by late
Wisconsinan time.

Thus, many of the channels represent coastal plain

streams that extended across the shelf.

Drainage patterns cannot be

easily correlated with modern streams. For example, in the northwestern
corner of the area the late Wisconsinan Sabine-Calcasieu River flowed
westward (Nelson and Bray, 1970).

Recent work (Lewis, 1984) indicates

that this river may have deposited the shelf-margin delta in the
southwestern corner of the map (Delta B of Suter and Berryhill, 1985).
The stratigraphic relations of late Wisconsinan buried stream
channels to older deposits are shown in profiles M-M1 through P-P' (FIGS.
111-20 through 111-23). Profile M-M' is a Geopulse profile recorded in

very shallow water and shows the close vertical spacing of the buried
fluvial channel systems at the modern shoreline.

Vibracores into the

uppermost channel system, indicated by clinoformal to chaotic reflection
patterns, contain medium- to fine-grained sand with the upward decrease
in grain size and scale of sedimentary structures, characteristic of a
meandering stream carrying relatively fine-grained sediments.
The stratigraphic relations of late and early Wisconsinan fluvial
channels at mid shelf and the erosional surface separating the older
streams and the younger deposits are shown in profiles N-N', 0-0', and PP1 (FIGS. 111-21, 111-22, and 111-23). Sediments above the unconformity
include middle Wisconsinan transgressive deposits, as well as regressive
and aggradational deposits of late Wisconsinan age. These have similar
seismic-reflection patterns, and the horizon separating the two is not as
distinct a reflector as the lower surface. An effort has been made to
separate the two units on the profiles on the basis of subtle changes in
reflection pattern and disconformable relations.

At mid shelf,

transgressive deposits are likely to be thicker than the aggradational
deposits that thicken to a maximum of 8 m (27 ft) at the modern
shoreline.
Throughout the area, younger coastal plain streams of late
Wisconsinan age generally overlie and locally erode into the deposits of
the older extrabasinal early Wisconsinan system (FIG. 111-24). This may
be due to the tendency of fluvial systems to follow older drainage
patterns, or it may simply reflect the fact that both systems were
extensive and some overlap is inevitable.
The deposits in late Wisconsinan coastal plain stream channels in
profiles N-N', 0-0', and P-P' (FIGS. 111-21, 111-22, and 111-23) have
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variable reflection patterns: chaotic to reflection free predominate and
may represent massive or gaseous fill.
patterns indicate point bar deposition.

Locally oblique tangential
Channel width to depth ratios

are also highly variable, ranging from 3:1 to 10:1 and may indicate
distributaries for bayhead deltas in estuarine environments. The ratios
are in contrast to those of underlying early Wisconsinan channels that
have width to depth ratios of about 30:1 and consistent oblique
tangential or asymmetric accretional reflection patterns.
Profile Q-Q1 (FIG. 111-25) shows an excellent example of estuarine
sediments deposited in late Wisconsinan fluvial channels during the late
Wisconsinan-Holocene transgression.

The 3.5 kHz profile shows two

distinct units overlying an irregular base formed by a high amplitude,
mounded reflector with underlying wipeout. Such units are common in late
Wisconsinan channels and are interpreted as oyster reefs that grew as the
channels were submerged during transgression. Vibracores through similar
reflectors in a nearshore channel contained Crassostrea shells in growth
position.

The corresponding minisparker profile for Q-Q1 reveals that

the base of the fluvial channel lies about 30 m (100 ft) below the sea
floor.

a lower unit within the estuarine fill has reflection

characteristics that range from clinoformal to reflection free and may
represent bayhead delta deposition. The overlying deposit, with a wavy
subparallel reflection pattern, suggests deposition under lower energy
conditions. The channel outline seems to preserve some remnants of the
original fluvial morphology.
A common feature of the late Wisconsinan fluvial systems is the
composite or channel-in-channel fill caused by sea level fluctuation.
Profile R-R' (FIG. 111-26) shows an excellent example of composite
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fluvial channel fill in which the deposits in the younger of two sets of
channels become estuarine upward.

Similar but thicker multistage

estuarine deposits are shown by profile S-S1 (FIG. I11-27).
The effects of structural movement on the late Wisconsinan fluvial
systems are both subtle and distinct. Profile T-T' (FIG. 111-28) is an
example of diapiric uplift causing diversion of a late Wisconsinan
fluvial system whose deposits eventually are truncated by shoreface
erosion during the Holocene transgression.

A larger late Wisconsinan

channel, only partly visible on T-T', is shown in full on the
corresponding minisparker profile, and provides another example of
diapiric uplift deepening the incision of a fluvial system.
Profiles U-U' and V-V' (FIGS. 111-29 and 111-30) cross the largest
of the late Wisconsinan channel systems located in the southeastern part
of the map area. Deposits of this buried channel have a thickness of 60
m (198 ft) and a maximum width of 6.4 km (4 mi). The oblique clinoformal
reflection pattern of the fill in strike section and the asymmetric
accretional pattern in dip section indicate deposition by a meandering
stream. This buried channel system is interpreted as a position of the
Mississippi River during late Wisconsinan time when the river fed the
shelf-margin delta complex in the southeastern part of the map (see
chapter IV for details of the delta).
Short term sea level fluctuations of sufficient magnitude to affect
depositional patterns occurred during both the early and late Wisconsinan
lowstands. Evidence for these fluctuations comes from vertically stacked
lobes of shelf-margin deltas (Winker, 1982; Suter and Berryhill, 1985), a
wave cut terrace at the shelf margin (FIG. VI-1) and other disconformable
surfaces, composite fluvial systems, and intertongued transgressive and

83

regressive deposits. The distribution of sediments deposited in one such
late Wisconsinan transgression is shown in figure 111-31, and the profile
W-W' through CC-CC' (FIGS. 111-32 through 111-39) document the effects of
sea level fluctuations on the outer shelf.

Profile W-W1 (FIG° 111-32

shows two regressive-transgressive cycles that form a composite fluvial
system.
Aggradational deposits are relatively thick in this part of the
outer shelf as the streams were forced to aggrade during the rise in sea
level.

Profiles W-W' through Z-Z' (FIGS. 111-32 through 111-35) also

show the seawardmost occurrence of estuarine facies capping fluvial
channel fill.

The perspective diagram (FIG. II1-36) illustrates the

intertongued transgressive-regressive sequences produced on the outer
shelf by sea level fluctuations.
To the west, profiles AA-AA1, BB-BB', and CC-CC' (FIGS. 111-37, III38, and I11-39) show similar interstratified regressive/transgressive
deposits of another fluvial system.
unconformable surfaces that can

Profile AA-AA' has several

be attributed to erosion by a

transgressing shoreface, as well as a multistage complex fluvial channel.
Profile BB-BB' farther to the west shows complicated multistage late
Wisconsinan channels and late Wisconsinan erosion into the underlying
early Wisconsinan fluvial system. Profile CC-CC' again shows the effects
of sea level fluctuations on shelf stratigraphy and the stratigraphic
relations of early and late Wisconsinan buried stream channels. At this
locality, some of the aggradational deposits of late Wisconsinan age were
removed by transgressive erosion. Figure 111-40 integrates profiles AAAA', BB-BB', and CC-CC' into an isometric panel diagram showing three
dimensional relationships of the regressive/transgressive deposits.
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To summarize:
(1) Fluvial and associated facies make up a significant part of
the late Quaternary stratigraphy on the southwestern Lousiana continental
Major extrabasinal fluvial systems, interpreted as former

shelf.

positions of the Mississippi River and characterized by oblique
tangential clinoformal and asymmetric accretional reflection patterns,
occupied the western part of the area during the early Wisconsinan
regression and the eastern part during the late Wisconsinan regression.
In the ancient channels the fill reaches thicknesses of up to 60 m (197
ft) near the shelf edge and forms the largest coarse-grained deposits on
the shelf. Smaller, more intricate coastal plain streams, characterized
by estuarine facies above the channel fill, are best developed in the
late Wisconsinan deposits.

The ancient drainage patterns have a

consistent northeast-southwest orientation.

Superimposed upon this

general pattern are the effects of faults and diapirs, which greatly
modify the courses of the streams so that none runs in a straight line to
the sea.
(2)

Occurrence and form of the fluvial systems have depended

upon sea level fluctuations.

Extension of a fluvial system across the

shelf requires sea level withdrawal and often involves retrenchment into
pre-existing delta distributary channels. Major extrabasinal rivers cut
broad valleys, subsequently filled with coarse sediments, but smaller
coastal plain streams merely extend themselves across the exposed shelf
without significant valley incision.

Preserved fluvial deposits are

predominantly channel-fill sediments, because levee and overbank facies
are likely to be removed by shoreface erosion during transgression.
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(3) Incised fluvial channels and associated shelf-margin deltas
are excellent indicators of sea level low stand positions during glacial
stages. The thalweg of the early Wisconsinan channel in figure 111-18 is
at -140 m (-459 ft) and that for the late Wisconsinan channel shown by
figure 111-29 is at -120 m (-394 ft). This difference is the result of
subsidence caused by sediment loading; the location of the two channels
near the present shelf margin documents sea level withdrawal to this
position in both early and late Wisconsinan time.
HOLOCENE SEDIMENTS
Throughout much of the mapped area sediments exposed on the sea
floor are of late Pleistocene age. Location, distribution, and thickness
of the Holocene sediments are shown on figure 111-41. The sediments fall
into four main categories:

1) transgressive estuarine fill (described

previously); 2) outer shelf terrace-fill sediments; 3) shelf shoal- and
sand-sheet facies;

and 4) an early Holocene deltaic complex of the

Mississippi River.
Outer shelf fine-grained sediments were deposited more or less
continuously during both the minor late Wisconsinan transgressions and
the larger scale Holocene transgression. These sediments drape some of
the shelf-margin delta deposits and cover the wave-cut terrace (see
chapter VI) along the outer shelf. These sediments, which thicken toward
the modern Mississippi Delta, reach a maximum thickness of 15 m (50 ft)
in the mapped area.
The western part of the mapped area contains a series of lenticular
but linear sandy shoal deposits- (FIG. 111-41).

Seismic response,

including high amplitude reflections and numerous sea floor multiples,
suggest the sandy lithology that was determined by previous investigators
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from short cores and bottom samples (Curray, 1960; Nelson and Bray, 1970;
Frazier, 1974).

Reflection character and geometry of the deposits are

variable, suggesting that they represent a variety of coastal barrier and
inner shelf shoal sand bodies, formed both at stillstands during the
Holocene transgression and by subsequent reworking. An additional sand
deposit in the form of a thin sand sheet was revealed by grab sampling
(Curray, 1960; Frazier, 1974). In most places the sand sheet is thinner
than the vertical reolving capability of the siesmic equipment and thus
is not shown in figure 111-41.
The Holocene^ sediments of the delta complex in the northeastern
corner of the mapped area represent deposits of the abandoned Maringouin
Delta (Frazier, 1967). This shelf-phase delta, which extends some 110 km
(70 mi) onto the shelf, reaches a maximum thickness of 15 m (50 ft)
within the mapped area and increases in thickness to more than 40 m (140
ft) farther east (Frazier, 1967).

Numerous distributary channels

recognized in the deltaic deposits make up the fourth and youngest set of
channels in the area.
A data gap in the profile grid occurs where the water was too
shallow for the survey vessel to operate and corresponds to the location
of the Trinity-Tiger Shoal complex (FIG. 111-41).

This transgressive

linear sand body some 7 m (23 ft) thick probably formed in a manner
analogous to the sand shoals to the west. The Trinity-Tiger shoal area
is beginning to receive fine-grained sediments from the newly active
Atchafalaya Delta, which may one day cover the area and start the delta
cycle anew.
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INTRODUCTION

Sets of deltas, depositionally related to the ancient fluvial
deposits, represent the early and late Wisconsinan regressive cycles.
Deltaic deposition during a eustatic sea level fall that ultimately
reaches the shelf margin occurs in two phases, each controlled primarily
by the geomorphology of the sea floor and the rate of subsidence (Suter
and Berryhill, 1985).

In the initial, or shelf phase, the delta

progrades over the low gradient of the continental shelf in thin but
relatively widespread fans of sediment characterized by low-angle
clinoformal reflectors (±0.5°) in an oblique parallel to shingled pattern
(Mitchum et al, 1977; Berg, 1982). These shelf-phase deltas are similar
to most modern deltas in that the slope of the delta front does not
exceed 0.5° (Coleman and Prior, 1980).
If sea level falls to the shelf edge, a second or shelf-margin phase
of deltaic deposition begins, and the geometry of the deposit changes to
a pronounced wedge (Suter and Berryhill, 1985). In sections parallel to
depositional dip, clinoformal reflectors within the wedge are more
closely spaced and more steeply inclined, reaching 8° and averaging 4°
(Sangree et al, 1978). Sediments are transported into deeper waters of
the continental slope or beyond by mass transport processes (Lehner,
1969; Sangree et al, 1978; Coleman et al, 1983).

EARLY WISCONSINAN DELTAS
Shelf-Phase Deltas
Two shelf-phase deltas deposited off southwestern Louisiana during
the early Wisconsinan regression (FIG. IV-1) occupy parallel positions on
the shelf and merge as they approach the shelf margin.

Sedimentary

characteristics of the deposits are shown by the four profiles A-A'
through D-D' (FIGS.IV-2 through IV-5). The dip profile A-A' shows a unit
with the inclined or prograded layering typical of shelf-phase deltas.
It is sharply defined above and below by sequences with parallel
layering.

Profile B-B1

(FIG. IV-3) shows the essentially parallel

layering of the prograded unit in a strike parallel view.

The

inconspicuous mounded structures in A-A' are prominent in B-B1. These
probably formed as oyster shell banks in an ancient bay before being
covered by shelf-phase delta deposits during the early Wisconsinan low
stand of sea level.
Profiles C-C' and D-D' (FIGS. IV-4 and IV-5) are along the margins
of the two deltas A and B where they locally merge. Profile C-C' shows
overlap of the two delta margins.

Profile D-D' crosses and eastward

projecting lobe of delta A. The sequence is interpreted as basal deltaic
deposits overlain by a sand lens representing a crevasse splay of the
early Wisconsinan fluvial system.

Within the sand lens oblique

tangential clinoformal reflectors dip away from the major stream channel
to the north of the profile, shallowing and pinching out toward the
distal end of the deposit. Other views of this deposit that also include
the adjacent stream channel are shown by profiles D-D' and E-E' (FIGS.
111-9 and 111-11) in chapter III.
Shelf-Margin Deltas
The

principal

shelf-margin

delta

depocenters

of

the early

Wisconsinan low stand are indicated on figure IV-6. For comparison of
geographic locations, the principal shelf-margin delta depocenters during
the late Wisconsinan low stand are shown on the facing page, figure IV-7.
The thickest early Wisconsinan deposits occupy five interdiapiric basins
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along the shelf margin, designated on figure IV-6 by the letters A
through E.

The diapiric uplifts are also included on both maps to

emphasize structural control of the locations of the basins.
Stratigraphic and structural settings and internal layering of the
deposits are illustrated by a series of profiles whose locations are also
shown on figure IV-6.

At sites A, D, and E, the early Wisconsinan

deposits are overlain by late Wisconsinan deltaic deposits but the
seismic return is obscured by sound multiples of the sea floor. Also,
the early Wisconsinan deposits appear to have been deformed by postdepositional diapirism.
At site A (FIG. IV-6) the upper part of the early Wisconsinan delta
is shown in dip direction by profiles E-E1 through I-I' (FIGS. IV-8
through IV-12). Only the prodelta sequence is recorded on most of the 5
profiles. A part of the delta front is shown by profiles G-G' and I-I'.
Virtually the entire deltaic wedge is recorded on profile I-I', which
shows how the delta thinned onto the rising diapir during deposition and
was later uplifted and faulted.

Extensive deformation of the early

Wisconsinan sequence is evident on all profiles to the west of I-I'.
Structural movements during early Wisconsinan deposition are indicated by
attitudes of internal layers relative to depositional slope (profiles FF" and I-I').
Strike profiles J-J' through N-N' (FIGS. IV-14 through IV-18) show
characteristics of the A delta from shelf edge onto the continental
slope, as well as the progressive increase in post-depositional
deformation down the slope. As on the dip profiles, the upper part of
the early Wisconsinan deltaic deposits is recorded at the shelf edge and
on the uppermost slope. Farther down the slope profile M-M1 shows the
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base of the regressive sequence. The thickness of the deltaic unit on
profile N-N' (FIG. IV-18) is 98 m (321 ft.). Both M-M' and N-N' show a
thick sequence with chaotic seismic-reflection pattern that indicates
significant mass transport of sediments down the delta front, that
created channels along the base of the regressive unit. The most obvious
feature revealed by the strike-oriented profiles is the extensive
structural deformation of the early Wisconsinan sequence. Even allowing
for some drape of sediments onto the flanks of adjacent uplifts during
deposition, post early Wisconsinan uplift has been on the order of 173 m
(567 ft.).

The isometric panel drawings (FIG. IV-13 and IV-19) show

three-simensional relations of the deltaic deposits to the structural
basin at delta A.
Early Wisconsinan regressive sediments at delta D were deposited in
a submarine trough.

The goemetry of the trough fill, the structural

setting, and the stratigraphic position of the early Wisconsinan deposits
are shown by profiles Q-Q' through BB-BB1 (FIGS. IV-21 through IV-32).
As at delta A, early Wisconsinan deltaic deposits are covered by younger
deltaic deposits and have undergone significan deformation, both during
and following deposition. Only a few profiles record the full sequence
of early Wisconsinan deposits.

Longitudinal views of the early

Wisconsinan sequence along the trough are shown by profiles Q-Q',
segments a and b (FIGS. IV-21a and IV-21b), R-R1 (FIG IV-22), and S-S1
(FIG. IV-23). In the series of profiles T-T' through CC-CC' (FIGS. IV-24
through IV-33) that cross the buried trough, early Wisconsinan regressive
deposits are recorded only in T-T', where their thickness is about 79 m
(259 ft). Toward the shelf margin, faults paralleling the trough walls
have carried the early Wisconsinan deposits below the penetration range
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of the minisparker system. Beginning at X-X1 (FIG. IV-28) the profiles
show progressive constriction of the trough downslope by faulting and
diapirism, as well as increased uplift of the early Wisconsinan sequence
to a maximum of perhaps 360 m (1180 ft).
At delta E, early Wisconsinan deltaic deposits form a clinoformal
wedge that has been both truncated and uplifted by diapirism. Profiles
GG-GG1

through

JJ-JJ1

(FIGS.

characteristics of this sequence.

IV-34

through

IV-37)

show

the

Oblique tangential clinoformal

reflection patterns are evident on the three dip profiles, but the
pattern is best exhibited in I I-I11 (FIG. IV-36). The maximum thickness
of 135 m (443 ft) for the deposits in this depocenter is shown on profile
JJ-JJ'.
Deltas B and C are part of a large early Wisconsinan deltaic complex
that was eventually subdivided into separate depocenters by diapiric
uplift during regression.

Profiles KK-KK' through NN-NN' (FIGS. IV-38

through IV-41) show details of the last lobe of the delta, deposited
during the early Wisconsinan low stand. Progressive shifts in direction
of sediment transport into deltaic depocenter C during the regression are
shown by figure V-19 in chapter V. The early Wisconsinan sequence was
substantially deformed and locally eroded during the late Wisconsinan low
stand of sea level, but the clinoformal seismic-reflection pattern is
evident in all the profiles.

Profile KK-KK' shows that uplift of the

adjacent diapir began during early Wisconsinan deposition. Thickness of
the delta in KK-KK' is 128 m (420 ft). The present level of the early
Wisconsinan upper surface near -300 m (984 ft) indicates postdepositional subsidence along this segment of the upper slope.

The

position of the lobe outlined by profiles KK-KK' through NN-NN' as the

farthest seaward extension of any Wisconsinan age delta probably
indicates either a lower stand of sea level or a low stand of greater
duration than any that occurred during the late Wisconsinan regression.
A deep penetration, common depth point (CDP) seismic-reflection
profile along the eastern edge of deltaic depocenter B (see FIG. IV-6 for
location of profile) shows three stacked shelf-margin deltas interpreted
as deposits laid down during three low stands of sea level:
Wisconsinan, Illinoian, and pre-Illinoian(?).

early

Each appears on the

profile as a well defined and thick clinoformal wedge. The positions of
the delta brows, or points of farthest progradation, are indicated along
the profile line, figure IV-6. The level of each is as follows: early
Wisconsinan, -225 m (-738 ft); Illinoian, -300 m (-984 ft); and preI11inoian(?), -375 m (-1,230 ft). The three sequences recorded on the
CDP profile identify the general area designated B/C on the map as a
shelf margin depocenter during at least three low stands of sea level.

LATE WISCONSINAN DELTAS
Shelf-Phase Deltas
Unlike the early Wisconsinan deposits, the shelf-phase deltas of the
late Wisconsinan regression are not sufficiently well developed of
preserved to allow mapping as distinct facies.

The withdrawal of the

late Wisconsinan sea may have been so rapid that shelf-phase deltas were
scattered as thin sheets of sediments difficult to distinguish on the
seismic profiles from the underlying middle Wisconsinan transgressive
sequence. Such deposits appear to be subtly expressed in the lower part
of the late Wisconsinan regressive sequence. Alternately, the deltas may
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have been extensively eroded by fluvial processes during the lowstand
and/or by shoreface erosion during the Holocene transgression.
Shelf-margin delta deposition during the late Wisconsinan low stand
of sea level was confined largely to two main depocenters (FIG. IV-7). A
third less extensive deposit is included as an example of sediment
trapping behind an active growth fault. Otherwise the sediments filling
the fault basin would have spread over early Wisconsinan delta B as a
late Wisconsinan shelf-margin delta.
At the westernmost of the two principal late Wisconsinan depocenters
the younger delta sequence overlies early Wisconsinan deltaic deposits.
The stratigraphic and structional relations of the two sets of deposits
are shown by profiles E-E' through N-N' (FIGS. IV-8 through IV-12 and IV14 through IV-18).

The typical clinoformal seismic-reflection pattern

and overall wedge shape characteristic of shelf-margin deltas are well
displayed by the strike normal profiles E-E' through I-I'.

Maximum

thickness of the deposit is approximately 131 m (430 ft). Downslope the
prodelta sediments have been extensively deformed by diapirism and
faulting.

Locally, diapiric uplift and faulting have created sediment

traps on the upper slope (profile F-F1). The structural basin downslope
from the delta front was formed following deposition fo middle
Wisconsinan transgressive sediments. Subsequently, it was nearly filled
by turbidites during the late Wisconsinan regression. Late Wisconsinan
regressive deposits have beeen offset as much as 45 m (147 ft) by post
deposition uplift.
The strike oriented profiles J-J' through N-N' (FIGS. IV-14 through
IV-18) show stratigraphic and structural relations of the deltaic
deposits at and downslope from the shelf edge. Along the shelf edge on

141

profile J-J' the late Wisconsinan delta sequence is a wide lens of
sediments
movements.

relatively

undisturbed

by

post-depositional

structural

The lobate sedimentary structure indicates stream migration

and progressive eastward shift of the stream mouth during deposition.
Downslope the late Wisconsinan delta front and prodelta deposits are
increasingly incorporated in post-depositional diapiric uplift and
faulting.

Profile L-L1 (FIG. IV-16) is an excellent example of the

extent to which the deltaic deposits have been divided into separate
interdiapiric basins within a relatively short span of geologic time.
The profile also shows how stratigraphic position of a deposit can vary
considerably from basin to basin because of differential diapiric uplift.
The U-shaped basin on the left side of profile L-L1 is another view of
the bsin shown by profile F-F1 (FIG. IV-9). Farther down slope profile
N-N1 (FIG. IV-18) shows the characteristics of the prodelta and offshore
deposits and the extent of post-depositional deformation. The closely
spaced even parallel reflection pattern suggests sediments deposited as
turbidites. Two types of diapiric deformation are illustrated by profile
N-N1.

On the flank of the broad structure on the right, the late

Quaternary sequence has been raised some 180 m (590 ft) across a distance
of 3.2 km (2 mi) since late Wisconsinan deposition. The sequence thins
about 30 percent up the flank of the structure; part of this can be
accounted for by depositional thinning onto the rising structure. Only
across the top of the structure has movement appreciably disturbed
layering, and the diapir itself still seems to be at depth. In contrast,
the sediments are much more sharply upturned on the flanks of the
structure on the left.

Although some of the thinning around the

structure may be depositional, the profile suggests a high degree of
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compaction for the late Wisconsinan sequence and an uplift of 120 m (394
ft) across a distance of 1.2 km (1 mi). Three-dimensional stratigraphic
and structural relations of the late Wisconsinan deltaic deposits are
shown by the isometric panel drawings, figures IV-13 and IV-19.
The late Wisconsinan sediments filling the small basin crossed by
profiles 0-01 and P-P' (FIG. IV-20) lack the typical clinoformal or
oblique tangential reflection pattern normally associated with prograded
deltaic deposits, but they represent sediments discharged into a
structurally controlled site. The sediments accumulated in a basin that
was formed by faulting along its south margin and was hinged on the north
to a rising diapir. Progressive subsidence of the basin during the late
Wisconsinan low stand, probably as a result of sediment loading, produced
a pronounced wedge of sediments approximately 120 m (394 ft) thick along
its southern margin.
The extensive late Wisconsinan shelf-margin delta deposits in the
eastern half of figure IV-7 are a multilobate complex of sediments
representing

stream

migration

and

channel, switching

during the

regression.

Diapirism was an active process during sedimentation,

controlling both the overall shape and extent of the deltaic deposits and
the geometry of the individual lobes. The profiles whose locations are
indicated on figure IV-7 show characteristics of the deposit in separate
parts of the complex and demonstrate the affects of topography on shape,
thickness, and internal structure.
During the late Wisconsinan regression sedimentation was resumed in
the submarine trough.

Late Wisconsinan sediments prograded over the

early Wisconsinan deposits and nearly filled the trough.

The late

Wisconsinan sediments are conformable, as are the early Wisconsinan
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deposits, to the longitudinal and cross-sectional U-shape of the trough.
The stratigraphy and structural relations of the late Wisconsinan
deposits are shown by profiles Q-Q' through BB-BB1 (FIGS. IV-21 through
IV-32).

Profiles Q(a)-Q(a)' and R-R' (FIGS.

IV-21a and IV-22) are

parallel to the axis of the trough and contain details of the
progradational wedge.

Both reveal extensive mass movement and

deformation during deposition. Repeated shelf-edge failure is recorded
by R-R1.

Because of penecontemporaneaous deformation, the typical

clinoformal reflection pattern is poorly developed within the deposit.
In profile S-S' (FIG. IV-23) the late Wisconsinan regressive sequence is
incorporated in diapiric uplift and is offset some 100 m (328 ft) by
faulting. Downslope the prodelta sediments, laid down on probable mass
transport deposits (chaotic reflection pattern) of early Wisconsinan age,
are significantly deformed by diapirism that was active during the late
Wisconsinan regression and continued during the Holocene.
Along strike, the late Wisconsinan fill has the general slope of the
trough, as displayed by profiles T-T1 through W-W' (FIGS. IV-24 through
IV-27). In the remainder of the strike profiles, from profile X-X1 (FIG.
IV-28) downslope, the late Wisconsinan delta front and prodelta sediments
are increasingly deformed by diapirism and related faulting. Sediment
thickness in the interdiapiric basin at this site is shown on figure V-15
in chapter V.
Profiles CC-CC1, DD-DD1, and EE-EE1 (FIG. IV-33) in the eastern part
of the complex are dip sections across a basin that was subsiding during
deltaic deposition. Evidence for the subsidence is the vertically lobate
structure of the clinoformal wedge that outlines the delta.

The delta

front and prodelta deposits were subsequently upturned by diapirism.
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Scour channels on profile FF-FF' (FIG. IV-33) breach a sill that probably
was rising during late Wisconsinan deposition. The structure across the
southern end of the basin has continued to rise since the last low stand
of sea level. For an analysis of the structural origin of the basin and
its sedimentary history, see figure V-14 in chapter V.

OTHER LATE PLEISTOCENE DELTAS
Delta "B" of Suter and Berryhill (1985) lies to the west of the area
covered by figure IV-7. Its setting is shown by figures VI1-2 and V11-15
(chapter VII).

The seismic stratigraphy of delta "B" and its setting

have been described by Lewis (1984).
A thick sequence of ancient delta deposits lies at the shelf margin
almost directly south of Mobile, Alabama (FIG. IV-42). The geographic
position of these deposits suggests that they were deposited by the
ancient Tombigee River drainage system. The overall sequence is made up
of three sets of regressive deposits easily identified by a pronounced
clinoformal reflection pattern.

The sequences are interpreted as

representing shelf-margin delta deposition during the last three low
stands of sea level: late Wisconsinan, early Wisconsinan, and Illinoian.
Beard et al (1982, p. 168) also identified Wisconsinan and "late"
Illinoian regressive deposits in this area on the basis of both seismicreflection profiles and well log data.
The late Wisconsinan delta consists fo three lobes, resulting from
delta switching during deposition as wellas from sea level fluctuations
during the late Wisconsinan.

The two older lobes were deposited at a

level of about -125 to -130 m (-410 to -426 ft), as were the late
Wisconsinan shelf-margin deltas off Louisiana and Texas. The youngest
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deltaic sediments correspond to a level of about -90 m (-295 ft) and thus
were probably deposited during a late Wisconsinan fluctuation that rose
to a stillstand from -80 to -90 m (-262 to -295 ft), at which level
erosional terraces and carbonate reefs occur throughout the northwestern
Gulf of Mexico.

SIGNIFICANCE OF SHELF-MARGIN DELTAS
Continental Shelf Accretion
Extension of the continental shelf in the northern Gulf of Mexico
was accomplished during the Pleistocene by deposition of large volumes of
sediment at the shelf edge during low stands of sea level (Fisk, 1939;
Frazier, 1974; Caughey, 1975).

The distribution and geometry of the

deltaic deposits document delta progradation during sea level fall and
low stand as the principal process for shelf accretion.
The clinoformal reflection pattern of the shelf-margin deltas makes
them excellent indicators of sea level position during a glacial low
stand. The interpreted position of sea level during the last low stand
has been marked on many of the profiles showing deltas. An average from
the many profiles analyzed is about -125 to -130 m (-410 to -426 ft).
Deformation and subsidence make precise determination of the position of
the early Wisconsinan low stand deposits very difficult, but the average
is at about -225 m (-738 ft). Allowing for structural effects and shelfmargin subsidence, sea level during the early Wisconsinan low stand
probably was at or below the position of sea level during the late
Wisconsinan low stand.
The deltas also play a key role in the structural evolution of the
shelf margin.

In a province where salt tectonism is the primary
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structural process, sediment loading from deltaic deposition triggers
further isostatic adjustment and at the same time accentuates or deepens
the interdiapiric basins along the shelf edge. The interaction of sea
level fall, shelf edge loading, and salt diapirism establishes both the
sedimentary and structural patterns along the shelf margin and on the
upper continental slope.

The profiles for this chapter illustrate the

range of models formed by the three interacting forces and the types of
processes involved in shelf-margin evolution.
Sand Facies
In the northwestern Gulf of Mexico sand in significant quantities
was carried across the continental shelf and onto the upper continental
slope during regression when sea level fell to the shelf edge. During
high stands of sea level, sand deposition in non-deltaic areas on the
shelf is largely confined to the inner 2 miles or so and to the periphery
of the Mississippi River Delta, where headland erosion of subsiding older
lobes of the delta is forming sand showals (Penland et al, 1985).
Sand in large quantities is deposited during low stands in fluvial
channels and in the shelf-margin deltas.

The sand accumulates in the

delta front and in varying amounts is incorporated within the upper
clinoformal or foreset bedding of the delta wedge and carried downslope
by mass transport.
Mass movement of sediments from the delta front onto and beyond the
prodelta as a result of instability caused by rapid sediment buildup has
been extensive in the northwestern Gulf of Mexico and is an important
mechanism for transfer of sediments from the shelf edge onto the
continental slope and into the deep basin. Mass movement in the form of
slumps and slides also is a mechanism by which sand is carried off the
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shelf and down the slope.

Mass transport deposits are features of many

of the shelf-margin deltas and in some settings form distinct basal
facies of the delta wedge. In other places, these deposits form broad
aprons offshore beyond the prodelta deposits. The very large areas of
mass transport deposits seaward of several of the deltas are discussed in
chapter VII. Winker and Edwards (1983) give and excellent discussion of
unstable progradational shelf margins. The modern processes of sliding
and mass transport peripheral to the Mississippi Delta are described by
Coleman et al (1980).
Extensive salt diapirism along the shelf margin and on the upper
continental slope provides the structural mechanism for trapping large
amounts of sand at the initial sites of deltaic deposition during low
stands of sea level. As demonstrated by the profiles, deltaic deposition
and

diapirism

are

penecontemporaneous and

interacting

processes.

Understanding the pattern of delta deposition relative to chronology of
salt movement can be significant in petroleum exploration along the shelf
edge and upper slope of the northwestern Gulf of Mexico. Late Quaternary
regressive deposits provide excellent analogs to older deposits in
similar settings.
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Figure IV - 28. Seismic-reflection profile X-X' and interpretative cross section showing: (1) buried
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extent of deformation within trough. See figure IV-6 for location of profile.
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Figure IV - 37. Seismic-reflection profile BB-BB' and interpretative cross section showing
stratigraphic and structural relations of an early Wisconsinan shelf-margin
delta sequence to associated deposits and structural features. The deltaic
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have been in turn deformed and tilted by further diapirism. See Figure IV-6
for location of profile.
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Figure IV - 38. Seismic-reflection profile KK-KK' and interpretative cross section showing:
(1) stratigraphic and structural relations of and early Wisconsinan shelf-margin
delta sequence to associated deposits and (2) extent of post-depositional
deformation. See figure IV-6 for location of profile. See figure V-19 for
details of shelf-margin evolution.

<o
o>

South

North

250—

8«0 I

Pulu width

//

400—

500-:

-375

) H =S jgr £$
-450

—525

o
V
»

I.I tllMitaii
I »!!•

Vertical exaggeration: 16x
Sound source: 400 joule minisparker

V

(0

13
•O
c
3

8

la

3
0
1

Intardiaplr batin

300-i

i

-225

400-

-300

'S*H.,s

500-

''•%

"»

;-375

'"t

•- -- X
-480

600-

0
i

700-Diapiric uplift

i

u

-Diapiric uplift-

u -529

-450

600-

u

700-

Late Wisconsinan
undifferentiated deposits:
Indistinct parallel and
onlapping reflection
patterns

i

-525

-Diapiric uplift-

• Diapiric uplift

L

i\

M

Middle Wisconsinan
deposits:
Indistinct parallel and
onlapping reflection
patterns

E

Early Wisconsinan
deltaic deposits:
Oblique tangential
reflection pattern

Fault:
Arrows indicate
J relative
movement
Dotted lines, traced from reflecting surfaces on seismic profile, indicate layering characteristics.
Dashed lines indicate approximate contacts.
Gaseous(?)

Figure IV - 39. Seismic-reflection profile LL-LL' and interpretative cross section showing;
(1) stratigraphic and structural relations of an early Wisconsinan shelf-margin
delta sequence to associated deposits and (2) extent of post-depositional
deformation. See figure IV-6 for location of profile.

<o

MM

MM*

South.

100-

-o
-75

200

-150

Sao floor

300-

-225

Puis* width
400-

V/

-300

-Sound multiple
500-

8

600-

-375

Vertical exaggeration: 23x
Sound source: 400 joule minisparker
- -fl-450

.1 klUiMtart
I Hill

V
8

n

s

1
•a

e

I

200-

r 150

Carbonote raaft
Mound, probably
built by escaping gas
300-

-225

400-

-300

r l50

200-1
Carbonate rasft
Mound, probably
built by escaping ga*
300-

225

400-

-300

500-

-375

600-

-450

Late Wisconsinan deposits:
Indistinct parallel and
onlap reflection patterns

Mass transport deposits
and gas:
Chaotic reflection
pattern

M

Middle Wisconsinan
transgressive deposits:
Indistinct parallel and
onlapping reflection
patterns

Early Wisconsinan
deltaic deposits:
Deformed parallel to
deformed oblique
tangent reflection
pattern

Diapir; salt(?)

Fault:
Arrows indicate
relative movement

Dotted lines, traced from reflecting surfaces on profile; indicate layering characteristics.
Dashed lines indicate approximate contacts.
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SUMMARY
The principles of seismic stratigraphy can be successfully applied
to high resolution seismic reflection profiles. Depositional sequences
are bounded by unconformities resulting from subaerial exposure of the
continental shelf during low stands of sea level, modified by ravinement
by* 'shoreface erosion during transgression.

The lowstand surface and

ravinement surface are the same across much of the shelf, separating in
areas of valley and fluvial channel fill.

There, the base of channel

scour forms the sequence boundary. Five depositional sequences related
to glacio-eustatic cycles were recognized. On the basis of stratigraphic
position, these are correlated with the Illinoian, Sangamonian,
Wisconsinan, and Holocene glacial stages.
Each depositional sequence is marked by a regressive phase, related
to progradation and/or sea level fall, characterized by subaerial
exposure of the shelf, extensive fluvial channeling, and deltaic
progradation.

Four such regressions are recorded on the seismic

profiles. Sea level fall to the shelf margin is documented by submerged
fluvial channels, deltas, carbonate reefs with shallow water fauna, and
erosional features at the shelf margin.
Deltaic progradation during a eustatic sea level fall that
ultimately reaches the shelf margin occurs in two phases, controlled
primarily by the geomorphology of the sea floor, water depth, and the
rate of subsidence. The initial, or shelf phase, consists of relatively
thin, widespread fans of sediment characterized in seismic dip sections
by low angle clinoform reflectors. Rates of progradation are accelerated
by the cumulative effects of sedimentation and absolute sea level fall.
As regression continues, earlier deltaic deposits left exposed on the
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emerged shelf are eroded by fluvial processes and channel entrenchment.
Consequently, the shelf phase of deltaic deposition during a eustatic
fall is represented in the stratigraphic record by fairly thin, laterally
extensive deposits which may be patchy, depending on the subsequent
magnitude of erosion.
If sea level falls to the shelf edge, a second or shelf margin phase
of deltaic deposition occurs.

At the shelf margin, rivers empty into

deeper water and onto the steeper gradient of the upper slope.
Subsidence effects are greater due to sediment loading, regional tectonic
response, growth faulting, salt withdrawal, and sediment compaction. The
geometry of the deposit changes to a pronounced wedge in which the
localized increased thickness decreases rapidly both basinward and
landward. In dip section, clinoform reflectors within the wedge are more
closely spaced and more steeply inclined, averaging 2-4°.
Shelf margin deltas occur in two of the sequences and are inferred
for one.

Five of these deltas were deposited in the northwest Gulf of

Mexico during the last lowstand, two of which are in southwest Louisiana.
One, interpreted as a late Wisconsinan Mississippi Delta, is over 5000
km2 in area and over 160 m thick. Deltas of the preceding low stand are
also found at lower levels near the current shelf margin. Deformation by
diapirism, faulting, and mass transport has considerably altered the
configuration of the older deltas.
Buried submarine troughs up to 90 km in length, 16 km in width, and
305 m in depth occur in several areas along the shelf margin.

These

troughs, active during at least the last two low stands, served as
conduits for the transport of sediments from the shelf to the upper
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slope, and probably originated from a combination of retrogressive shelf
edge failure and erosional scour.
Three sets of fluvial channels, cut during successive lowstands,
were found.

The oldest system was characterized by complex to chaotic

reflectors in seismic profiles, and by thick sequences of sand with
occasional gravel in platform borings. It is believed to be analagous to
the valley-fill system of the modern Mississippi River. The succeeding
system was characterized by pervasive high angle clinoform reflectors,
indicative of point-bar accretion surfaces. Platform borings show sand
thicknesses within this fluvial facies reaching 60 m in shelf margin
settings. Major drainage during this time lay in the western portion of
the study area.
shifting

of

The youngest fluvial channels record an eastward

the principal drainage.

These deposits are also

characterized by high angle clinoform reflectors in basal sections, but
also contain an extensive facies characterized by conformable, parallel,
onlapping reflectors in seismic sections and by soft, shelly, interbedded
clays, silts, and sands in platform borings, interpreted as estuarine
deposits.
Diapirism

was an important process that influenced fluvial

development and channel position.

Penecontemporaneous movements of

diapirs formed swales and topographic highs that controlled channel
location on the shelf margin.

Movements of diapirs also caused local

changes in fluvial positions, resulting in increased downcutting,
extensive lateral migration, and the common occurrence of thick fluvial
sands adjacent to diapiric uplifts.
Not all of the fluvial systems found on the shelf are incised in the
classic sense. The gradient on the continental shelf is similar to that
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of the modern coastal plain, so that many smaller streams merely extended
themselves across the exposed shelf without significant incision.
Additionally, the fluvial facies mapped are time-transgressive, so that
many of the fluvial channels may have formed at different base levels.
However, during glacio-eustitic falls and low stands, major extrabasinal
streams formed deep, broad valleys that subsequently filled with coarse
grained sediments and estuarine deposits.
The signature of the transgressive phases of the depositional
sequences is variable, depending upon the rate of sea level rise,
sediment supply, pre-existing topography, and the depth of shoreface
erosion. Upon the rise in sea level at the beginning of glacial melting,
the coastal plain will be forced to aggrade as non-entrenched rivers
adjust to changing base level. Much of the coarse grained sediment of
the entrenched valley and channel-fill is probably deposited during this
early transgressive phase.

Aggradational and low stand sediments are

substantially reworked by shoreface erosion during transgression.

The

Holocene transgression resulted in extensive truncation of outer shelf
deposits, and the formation of a widespread sand sheet with extensive
shoals.

The preceeding transgression is characterized by widespread

truncation, minor estuarine facies within fluvial systems, and much less
shoal development.

Differences are attributed to varying rates of sea

level rise and erosion during subaerial exposure. Less is known about
earlier transgressions due to lack of resolution in seismic profiles.
Volumetrically, the transgressive facies are relatively minor compared to
the fluvial and deltaic facies that comprise the majority of the
stratigraphic section.
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Progradation of an early Holocene complex of the modern Mississippi
Delta produced a depositional sequence similar to, but smaller in area
than, those controlled by glacio-eustatic fluctuations. The regressive
phase contained deposits very similar to a shelf phase delta, although
the extensive facies produced by fluvial reworking during prolonged
subaerial exposure is missing.

Relative sea level rise resulting from

abandonment of the delta caused the formation of sandy shoals by
transgressive submergence.

These shoals have excellent preservation

potential due to their impending burial by the newly active Atchafalaya
Delta.
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Late Quaternary Shelf-Margin Deltas, Northwest Gulf of Mexico1
JOHN R. SUTER2 and HENRY L. BERRYHILL, JR.3

ABSTRACT

Interpretations of 35,000 km (21,900 mi) of single-chan
nel, high-resolution, seismic profiles traversing the conti
nental shelf and upper continental slope of the northwest
Gulf of Mexico indicate the existence of five late Wisconsinan shelf margin deltas, including the Rio Grande and
Mississippi deltas. The deltas were recognized by geomorphic pattern, high-angle clinoform seismic reflections,
and association with buried river systems. Isopach pat
terns show that the deltas range in size up to 5,000 km2
(1,900 mi2) and reach thicknesses of over 180 m (590 ft).
The deposits are elongate parallel with depositional strike,
indicating subsidence of the shelf margin as a whole. Inter
nal reflection patterns show thedeltas to be fluvially domi
nated. Multilobate structure resulted from both
short-term eustatic sea level fluctuations and delta switch
ing.
The late Quaternary shelf-margin deltas provide models
for analogous deposits in the ancient record. They are pri
mary indicators of the position of ancient shelf margins,
and are important for predicting sand occurrence in that
environment as well as farther downslope. As exploration
moves to the shelf edge and beyond, instability hazards
posed by late Wisconsinan deltas, as well as older deposits,
must be understood and dealt with.
INTRODUCTION

Glacio-eustatic fluctuations of sea level have been one
of the primary factors in developing the morphology of
the continental margin in the northwest Gulf of Mexico.
Repeated falls of sea level during the Quaternary (Fisk,
1944, 1956; Curray, 1960; Lehner, 1969; Frazier, 1974;
Beard et al, 1982) coupled with high sediment supply have
resulted in the deposition of a thick sedimentary wedge.
Outbuilding has been caused primarily by extension of the
coastal plain across the continental shelf during the lowstands and ensuing progradation of the continental mar
gin, including the deposition of deltas at the shelf margin.
During the last lowstand of sea level, five shelf-margin del
tas were deposited in the northwest Gulf of Mexico (Figure
1). The deltas shown in Figure 1 are stratigraphically the
highest prograded deposits along the shelf margin and are
©Copyright 1985. The American Association of Petroleum Geologists. All
rights reserved.
1Manuscript received, July 28,1983; accepted, May 31,1984.
2Mlnerals Management Service, Corpus Chrlsti, Texas 78411. Current
address: Louisiana Geological Survey, Coastal Program, Box G, Louisiana
State University, Baton Rouge,Louisiana 70893.
3Mlnerals Management Service, Corpus Christi, Texas 78411. Current
address: U.S.Geological Survey, P.O. Box 6732,Corpus Christi, Texas 78410.
We sincerely thank Dag Nummadel, Jim Coleman, Chuck Holmes, Roger
Slatt, Shea Penland, and an AAPG reviewer (or many helpful criticisms and
suggestions. Paula Kolda and J. Barta did the cartographic work, and Betty
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the youngest regressive sediments deposited during the
most recent lowstand of sea level. The age is presumed to
be late Wisconsinan on the basis of stratigraphic position.
A late Wisconsinan age designation is strengthened by
radiocarbon dates from sample material either associated
with the deltaic deposits or with deposits that are strati
graphically correlative. A sample of cypress wood from
the outer shelf off southwest Louisiana yielded a date of
11,700 yr B.R Coral samples from separate sites on the
outer south Texas shelf have been dated at 18,000 yr B.R
and 10,500 yr B.R, respectively. Thin Holocene sediments
cover some but not all of the youngest deltaic deposits.
The shelf-margin deltas in the northwest Gulf of Mexico
were identified and mapped as an aspect of a systematic
regional synthesis of late Quaternary deposits that was
based on single-channel, high-resolution, seismic reflec
tion profiles collected in grid patterns that ranged from
less than 5.5 km (3.3 mi) in some areas to about 11 km (6.6
mi) in others (Figure 2). About 35,000 km (21,900 mi) of
seismic profile data from the continental shelf was used,
plus segments of additional profiles covering the upper
continental slope off Texas and Louisiana. 1\vo types of
seismic profilingsystems were used: (1) minisparker with a
power output in the range of 400-1,000joules, and (2)subbottom profiler in the range of 3.5-7.0 kHz. The mini
sparker data were recorded at sweep rates of either 0.5 or
1.0 sec and the 3.5-7.0 kHz data at a 0.25 sec rate. Conver
sion of time data to depth was made by using a velocity of
sound of 1,500 m/sec, accurate in the water column and
the upper sediments. On the south Texas shelf, short cores
and grab samples revealed the lithology of the uppermost
sediments.
The ancient fluvial channel systems that were eroded
across the shelf during lowstands of sea level are keys to
identifying the shelf-margin deltas, both spatially and
temporally. The locations of the late Wisconsinan fluvial
systems, where mapped in detail, are shown in Figure 1.
An example of the features mapped as fluvial channels is
shown by Figure 3. Trends mapped on the shelf off south
Texas and southwest Louisiana clearly demonstrate that
the streams feeding the deltas did not follow straight-line
courses to the sea. At least four present-day coastal plain
streams were diverted into the Rio Grande system. Conse
quently, we are unable to state with certainty which rivers
fed the deltas labeled "A," "B," and "C" (Figure 1), and
no attempt was made to extrapolate positions of stream
channels across the shelf in the area between 94°W and
96°W. The channel systems mapped on the southwest
Louisiana shelf indicate that drainage patterns during the
last lowstand of sea level were considerably different from
those preyailing now. For example, the Sabine-Calcasieu
"trench,'/ as described by Nelson and Bray (1970), was the
channel of a late Wisconsinan stream that flowed west
ward on the inner shelf for some distance.
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Other investigators have interpreted shelf-margin
deposits as deltaic. Lehner (1969) identified late and early
Wisconsinan shelf-margin deltas on the Texas shelf.
McMaster et al (1970a) described shelf-margin deltas off
west Africa that are very similar in structures, extent,
thickness, and geomorphic form to those in the Gulf of
Mexico. In addition, McMaster et al (1970b) included erosional evidence for a sea level stillstand at -80 to -90 m fol
lowing the late Wisconsinan lowstand, a feature also
associated with the deltas in the Gulf of Mexico. Berryhill
(1980) and Berryhill and Trippet (1980a) presented paleogeographic maps of a portion of the south Texas shelf,
including the Rio Grande shelf-margin delta. Sidner et al
(1978) discussed two episodes of shelf-edge outbuilding on
the upper Texas slope. Sangree et al (1978) recognized and
discussed deltaic facies on the Texas-Louisiana continen
tal slope. More recently, Winker (1982) and Winker and
Edwards (1983) discussed late Pleistocene deltas as part of
the shelf-margin megafacies, and used them as analogs for
identifying similar deposits in the Tertiary of the Texas
coastal plain.

DELTAIC DEPOSITION DURING A EUSTATIC
SEA LEVEL FALL

Deltaic deposition during a eustatic sea level fall that
ultimately reaches the shelf margin occurs in two phases,
each controlled primarily by the geomorphology of the sea

floor (Figure 4) and the rate of subsidence. In the initial, or
shelf phase, the delta progrades over the relatively low gra
dient of the continental shelf, resulting in thin but rela
tively widespread fans of sediment characterized by
low-angle clinoform reflectors (< 0.5°) (Figure 5) in an
oblique parallel to shingled pattern (Mitchum et al, 1977;
Berg, 1982). This situation is similar to that of most mod
ern deltas where the slope of the delta front does not
exceed 0.5° (Coleman and Prior, 1980). However, during
glacial stages, as the shoreline translates across the shelf,
rates of progradation are accelerated by the cumulative
effects of sedimentation and absolute sea level fall. As
regression continues, earlier deltaic deposits left exposed
on the emerged shelf are eroded by fluvial processes and
channel entrenchment. Consequently, the shelf phase of
deltaic deposition during such a eustatic sea level fall is
represented in the stratigraphic record by fairly thin, usu
ally less than 40 m (130 ft) thick, laterally extensive
deposits that may be patchy, depending on the subsequent
magnitude of erosion.
If sea level falls to the shelf edge, a second or shelf-margin phase of deltaic deposition occurs (Figure 4). At the
shelf margin, the rivers empty onto the steepened gradient
of the upper continental slope. Subsidence rates are
greater than on the shelf due both to regional tectonic
response and to local effects such as growth faulting, salt
withdrawal, and sediment compaction (Winker and
Edwards, 1983). The geometry of the deposit changes to a
pronounced wedge in which the localized increased thick-
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Figure 2—Locations and grid-spacing densities of single-channel high-resolution seismic profiles used in this paper. Grid spacings in
nautical miles (nmi).
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Figure 3—High-resolution seismic profile of late Wisconsinan fluvial channel. See Figure 16 for location.

80

Northwest Gulf of Mexico

SHELF DELTA:
widespread thin
ssquence marked
bv low-angle
clinoforms and
numerous buried
channel*
SHELF MARGIN DELTA:
localized wedge-shaped
sequence of increased
thickness and steepened,
well-developed clinoforms

Figure 4—Generalized model of deltaic deposition during eustatic sea level fall.

ness decreases rapidly both basinward and landward. In
sections parallel with depositional dip, clinoform reflec
tions within the wedge are more closely spaced and more
steeply inclined (Figure 6), reaching 8° and averaging 2°4° (Sangree et al, 1978). Sediments are transported down
the steepened delta front into deeper waters of the conti

r

^ Sea floor

nental slope by gravitational processes (Lehner, 1969; San
gree et al, 1978; Sidner et al, 1978; Coleman et al, 1983).
Shelf margin deltas are usually beyond the reach of fluvial
erosion, but deformational processes and reworking dur
ing sea level transgressions may complicate recognition in
the ancient record.

7s

>

mm
75".r

Vertical Exaggeration =18*

Figure 5—Example of shelf phase of deltas deposited during regression. Dip profile from mid-shelf off southwest Louisiana shows
two shelf-phase deltaic sequences andassociated deposits:(a) shelf-phase, deltaic deposits marked by shallow, buried stream channels
rather than low-angleclinoforms, (b) transgressive deposits, (c) shelf-phase, deiiuic deposits showing low-angle clinoform or foreset
bedding in oblique parallel to shingled pattern, (d) transgressive, open-shelf, marine sediments. High amplitude reflecting surfaces
labeled 1 and 2 mark erosional surfacesat top of shelf-phase, deltaic sequences.
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Figure 6—Example of shelf-margin, deltaic deposition off southwest Louis ta. Seismic reflection profile shows two separate deltaic
sequences deposited during last two lowstands of sea level. Note deformation of depositsby diapiric uplift, occurring after deposition
of late Wisconsinan delta. (See Figure 16 for location.)

SHELF-MARGIN DELTAS

The most characteristic internal structures of the
deposits are the relatively steep clinoform reflectors (Fig
ures 4, 6). This reflection pattern in itself does not prove
shelf-margin deltaic deposition; it can be formed by shelfmargin progradation or slope building some distance sea

ward of a delta prograding onto a shelf, as in the modern
Mississippi River Delta (Coleman et al, 1983). Also,
oblique clinoform reflections have been observed in deep
water on the Blake Plateau (Sangree et al,il978) and on the
west Florida escarpment (C. W. Holmes, 1983, personal
communication). Mougenot et al (1983) showed seismic
examples from the Iberian shelf of steep shelf-margin

Holocene Deposits

Late Wisconsinan
Fluvial Channel
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si Fluvial Channels
^Diapiric
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Figure 7—Seismic reflection profile taken immediately updip from Figure6, showing prominent fluvial channels associated with each
shelf-margin delta sequence. Large, well-developed channel systems cut during lowstands can be important facies at shelf margin in
northwest Gulf of Mexico. (See Figure 16 for location.)
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clinoforms caused by structural tilting as well as progradation. However, clinoform sedimentary wedges that con
nect to well-developed ancient stream courses eroded
during obvious lowstands of sea level (Figure 7) can safely
be interpreted as deltaic. Indeed, the patterns of the clino
form reflections, ranging from oblique parallel to com
plex sigmoid-oblique, are characteristic of fluvially
dominated deltas (Berg, 1982).
Other features of significance in the deltas are largescale, discontinuous, discordant, nonparallel reflections
called chaotic facies (Sangree et al, 1978), which suggest
mass transport of sediment downslope. This interpreta
tion is supported by the position of the chaotic facies
downslope from the clinoforms that represent deltaic out
building. The prevalence of the chaotic facies indicates
slumping and sliding as a continuing process during the
rapid delta outbuilding. Also prominent as deformational
structures are penecontemporaneous gravity faults and
tension cracks caused by diapirism.
Isopach patterns indicate that the late Wisconsinan
shelf-margin deltas cover up to 5,000 km2 (1,900 mi2) and
reach thicknesses over 180 m (590 ft). Extensive slumping
within the shelf-margin deltas make precise determination
of thickness impossible on the seismic profiles, and actual
thicknesses probably exceed those shown. All five deltas
bear the similarities imposed by paleogeographic location
at the shelf margin where sea-floor gradient increases sub
stantially onto the continental slope. The elongation of the
deposits along strike reflects subsidence of the shelf mar
gin as a whole, as well as lateral reworking of the sedi
ments by the vigorous wave climate that would have
existed at what is now the shelf break. Differences in thick
ness and internal structures from one delta to another
reflect the varying influences of such factors as sediment
supply, subsidence rates, marine processes, geomorphology of the sea floor, and variations in the magnitude of
diapirism from one part of the northwest Gulf of Mexico
to another.

ments have been overridden by younger prograded sedi
ments (Figure 9). On the delta front, a broad band of large
overlapping slides and slumps continues for more than 36
km (22 mi) down the continental slope (Berryhill and Trippet, 1980b). In the strike profile (Figure 10), slumped sedi
ments in sequence 2 still retain evidence of the original
depositional layering and channeling. However, in dip
profiles across the slumped sediments, no coherent reflec
tion pattern is evident, giving rise to chaotic facies.
Another feature of the Rio Grande shelf-margin delta is
the thick covering wedge of sediments that overlies the
oblique progradational sequences and pinches out updip
at theshelf edge. The seismic reflection pattern of the sedi
ments in this sequence resembles the complex sigmoid
oblique seismic facies of Berg (1982), representing the con
tinued deposition of shelf-margin sediments under the
influence of a slowly rising sea level, when stream mouths
were retreating, but still remained on the outer part of the
shelf (Sangree et al, 1978; Sidner et al, 1978).
The last phase of shelf-margin delta reworking is repre
sented by the surficial layer of sand (Curray, 1960; Berry
hill and Trippet, 1980a) (Figure 8D). This topping is of
medium to coarse sands mixed with abundant faunal
remains of the type common to modern shallow-shelf
areas. Beach, deltaic, fluvial, and nearshore sands were
reworked into a sand sheet as transgression progressed.
Seismically, the upper sand surface is highly reflective;
three to six acoustic multiples of the sea floor indicate a
very hard bottom.
Delta A

Areal perspectives of delta A are shown by the two maps
in Figure 11. In plan view, the thickness pattern (Figure
11A) shows a single lobe, suggesting that construction of
the two lobes evident in vertical perspective (Figure 12)
was a response to either short-term eustatic sea level fluc
tuation or shelf-edge subsidence, rather than geographic
shift of the stream mouth to another drainage network.
The area of significant slumping down the delta front and
Rio Grande Delta
beyond on the continental slope, plus the sand-sheet cap
The ancient Rio Grande shelf-margin delta is the largest above the delta are shown in Figure 1 IB. The sand sheet
and thickest of the five deltas mapped when its extension contains locally abundant shallow-water type mollusk
southward beyond the international boundary is consid remains (Berryhill, 1981a). Seismic profiles indicate the
ered. The major sedimentary and structural aspects of the existence of a barrier island near the shelf margin at an
deltaic deposits in United States waters are shown in areal early stage of the Holocene transgression.
perspective by Figure 8, and in vertical perspective by Fig
The internal reflection pattern of delta A reveals that
ures 9 and 10. The thickness characteristics of the shelf- two lobes were deposited (Figure 12). The oblique tangen
margin delta, plus the stratigraphic relations and pattern tial reflection patterns indicate that progradation was
of progradation shown by the seismic data, indicate a rapid during deposition of lobe 1, whereas some aggrada
multilobate constructional framework formed by a con tion of the delta plain occurred as lobe 2 formed. The con
tinuous large supply of sediment. Such lobes, which indi tact between lobe 2 and draped transgressive sediments is
cate temporary earlier positions of the shelf margin, can be confused because of major slumping. Bedding-plane slip
recognized in most of the deltas studied. They may be page at the delta brow probably was a penecontempo
attributed to one or more of several factors: short-term sea raneous process during deposition of the draped
level fluctuations during the lowstand, lateral shifts in the sediments.
position of stream mouths during deposition, and subsi
The positions of ancient stream channels leading into
dence of the shelf margin.
the delta proper cannot be plotted owing to lack of data
Rapid deposition is indicated by the marked seaward for theshelf. Buried stream channels in the extreme north
extent of progradation and by the extensively slumped west corner of the area covered by maps A and B in Figure
sediments. Behind the delta front, older slumped sedi 11 are shown by Berryhill (1981b, c).
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Figure 8—Area) perspective of late Wisconsinan Rio Grande shelf-margin delta. A. Extent and thickness of deltaic shelf-margin sedi
ments deposited during last lowstand of sea level. Isopachs are in meters. B. Extent of principal buried river channels that fed delta,
and wave-cut terrace Oine pattern) now buried at shallow depth. Black irregular dots represent partly buried carbonate reefs, based
mainly on seaward edge of terrace during a stillstand, following slight rise in sea level at onset of Holocene transgression. C. Slumps
and slides: (1) general extent of older slumped sediments (chaotic facies) buried beneath younger undeformed prograded sediments
(see Figure 10), (2) general extent of surficial slides, and (3) series of overlapping large slumpsand slides down the delta front. Associ
ated deformational features of regional extent are growth faults (hachures on downthrown sides) and crudely circular diapiric struc
tures oncontinental slope. D. Overlying surficial cover of medium to coarse sand representing delta-front fluvial sands reworked and
redistributed as temporary shoreline deposits during early stages of Holocene transgression; rich in mollusk remains. Sand content
isopleths are in percent; sand content ranges up to 70%.
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Figure 9—Line drawing from dip minisparker seismic profile of late Wisconsinan Rio Grand delta. Circled numbers denote individ
ual lobes formed during successive stages of deltaic sedimentation: (1,2) complex oblique reflection patterns signifying progradation
and aggradation of delta, (3) dominantly oblique (tangential) reflection pattern signifying primarily progradation, (4) complex
sigmoid-oblique reflections representing late stage of deposition after sea level had risen to point above low stand. Heavy lines have
been added to emphasize contacts between sequences (lobes). Short wavy lines on profile represent sediments deformed by slumping
and sliding. Location of profile shown on Figure 8A.

Deltas B and C

ure 1). The position of that stream at another time during
the last lowstand of sea level nfay be represented by the
Sabine-Calcasieu "trench" (Nelson and Bray, 1970) on the
inner shelf to the north.
Delta B is structurally very similar to delta A, so no pro
file is shown. Delta C was deposited in a setting topo

The close geographic proximity of deltas B and C indi
cates that they may have been deposited by the same flu
vial system (Figure 13). A major buried stream system that
fed delta C from the north has been mapped in detail (Fig

(CA*
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Figure 10—Strike seismic profile from late Wisconsinan Rio Grande delta. Sequences 4,3, and 2 correspond to numbered lobes on
Figure 9. Sequences 4 and 3 show parallel reflectors, whereas sequence 2 shows hummocky, chaotic reflections representing slumped
sediments and may include possible channel fill between shot points 9 and 14. For location see Figure 8A.
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Figure 11—Geologic setting and areal perspective of key identifying features of delta A: A. Extent and thickness of deltaic shelfmargin sediments deposited during last lowstand of sea level (isopachs in meters). B. Overlying surficial cover of medium to coarse
shelly sand (in percent) representing delta-front fluvial sands reworked and redistributed as temporary shoreline deposits duringearly
stage of Holocene transgression, and extent of large slumps that are bounded by erosional scarps (sawteeth) (taken from Tatum,
1979). Two closely spaced faults outline graben shown in Figure 12. Areas of diapiric uplift are shown by fine stipple pattern.

graphically and tectonically different from those already
discussed (Figure 14), as diapirism was a factor in sedi
ment entrapment (Figures 15A, B). Internal deformation
of sediments is localized along the lower wedge front and
is of small rather than massive scale. Delta C lacks the
well-developed multiple vertical lobes evident in the other
deltas, although it appears to be multilobate in areal per
spective (Figure 15A). Little aggradation of the delta plain
took place, as progradation was very rapid.
Another differing feature of delta C is the existence of a
small basin at the toe of the shelf-margin depocenter,
between the delta brow and a rising diapir (Figure 14).
Such diapirically formed basins are common on this area
of the Texas-Louisiana slope (Martin and Bouma, 1982).
The onlapping natureof the basin fill onto the delta higher
up the slope indicates that the diapiric dam rose after dep
osition of the deltaic bottomset beds. Also, without fur
ther disturbance, the basin behind it was nearly filled by
downslope flow of sediments, forming a submarine fan.
This illustrates that simultaneous deposition of deltaic
wedges at the shelf edge and submarine fans downslope in
adjacent diapirically created basins can be an important
process for continental-shelf accretion in an area of active
salt tectonism, such as the northwest Gulf of Mexico.
Also, from the standpoint of petroleum habitat, shelfmargin deltaic and submarine-fan facies can accumulate
simultaneously in close proximity in this type of tectonic
setting, in fact, within the same interdiapiric basin.

Mississippi River Delta

The easternmost shelf-margin delta to be discussed is a
composite of multiple lobes laterally distributed in a series
of interdiapiric basins located along the shelf margin.
Considering its location within the "Pleistocene trend"
depocenter (Woodbury et al, 1973) and the large fluvial
system connected to it, this overall deposit is interpreted as
at least one or more complexes of the late Wisconsinan
Mississippi River delta. Salt diapirism has been a control
ling factor for both river drainage patterns and deltaic sed
iment thickness in this area. River channel diversion was
an active process throughout the late Wisconsinan regres
sion, with upland channel avulsions being augmented by
shifts in river courses caused by diapiric movement. The
regional pattern of diapiric structures that influenced depositional patterns in the Mississippi River shelf-margin
delta complex are shown by Figure 16, along with a plot of
the late Wisconsinan stream channels across the shelf.
The areal extent and thickness distribution of sediments
in the delta complex are shown by Figure 17. The multilo
bate depositional pattern is strongly reflected by the thick
ness distribution. Details of the geologic setting on Figure
18 show both the location and types of structural features
that controlled loci of delta building, as well as the under
lying erosional troughs across the shelf margin that acted
as conduits for transport of sediments to deeper water.
The depositional pattern of the sediments filling one of
the basins in the Mississippi River shelf-margin complex is
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Figure 12—Line drawing from dip minisparker seismic profile of delta A. Circled numbers denote individual lobes formed during
successive stages of deltaic sedimentation: (1) oblique (tangential) reflection pattern signifying progradation of delta, (2) complex
oblique to oblique (tangential)reflection patterns signifying some aggradation and progradation plus chaotic facies indicating slump
ing. Sequences3 and 4(without circles) represent draped sediments deposited after sea level had risen above low stand. Configuration
of sequences 3and 4 across brow of delta indicates continued slumping during sea level rise. For location see Figure 11A.

shown in cross-sectional view by Figures 19 and 20. Three
distinct clinoform sequences or depositional lobes are
revealed, each succeeding the other. Together, they indi
cate the progradational adjustment to continued, but epi
sodic, basin subsidence. Figure 20, oriented 90° to Figure
19, shows the similarity of lobate stratigraphy and config
uration of basin fill in a strike direction. Tilted beds on the
west side of the basin have been progressively uplifted by
the rising diapir. To the east, more gently dipping
sequences show offlapping or truncational relationship
where diapiric uplift has been less localized. The fault off
sets of the sea floor indicate continued recent movement
of the eastern diapir.
Although absent in the basinal fill just described, sliding
has been a widespread aspect of shelf-margin sediment
deposition in the late Wisconsinan Mississippi River shelfmargin delta complex. Because of the numerous diapiric
uplifts (Figure 16), downslope movement of sediment has
been more confined and much of the slumping is covered
by younger prograded sediments.
Thick sequences of slumped sediments are largely, but
not entirely, confined to the two sizable ancient buried
submarine troughs (Figure 17) that predate the last lowstand of sea level, and may have existed during the last
three lowstands. Of the two, the westernmost is the more
prominent and most clearly defined (Berryhill, 1981d).
Topographically, the westernmost trough still is expressed
as a swale where it crosses the shelf edge. The troughs were
avenues of transport for large volumes of sediment. Much
of the fill is slumped sediments overlain by relatively unde-

formed prograded sediments. The setting of the shelf-edge
deltas off southwest Louisiana, within the context of late
Pleistocene and Holocene geology, is shown in a series of
recently published atlas maps (Berryhill et al, 1982).
SUMMARY AND CONCLUSIONS

Analysis of 35,000 km (21,900 mi) of high-resolution
seismic data on thecontinental shelf and upper continental
slope has shown the existence of five late Wisconsinan
shelf-margin deltas in the northwest Gulf of Mexico. The
deltas range in areal extent to more than 5,000 km2 (1,900
mi2) and in thickness to more than 180 m (590 ft). They
were the loci for accelerated shelf-margin accretion during
the last lowstand of sea level.
Closely associated with the deltaic deposits are buried
channels that represent a significant fluvial facies on the
continental shelf. The association of large buried river sys
tems that extend across the shelf and terminate virtually at
the beginning of shelf-margin clinoform reflectors is a key
identifying feature for distinguishing deltaic deposition
from other types of shelf-edge progradation. The shelfmargin deposits of the northwest Gulf of Mexico are rec
ognized as deltaic by map pattern, internal clinoform
seismic reflection patterns, and association with large bur
ied fluvial systems.
The internal reflection patterns indicate that the deltas
were fluvially dominated, ranging from oblique parallel to
complex sigmoid-oblique (Berg, 1982). Isopach patterns
show the deltas to be constrained by their positions at the
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Figure 13—Geologic setting and areal perspective of key identi
fying features of deltas B and C. A. Extent as indicated by isopachs in meters. B. Sand sheet above deltas with silly sand versus
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ated with delta: (1) buried stream channels, (2) shelf-edge faults
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sional scarps(from Tatum, 1979), (4) areasof diapiric uplift, and
(5) carbonate reefs topping diapiric uplifts.
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shelf margin. The deposits are elongate parallel with depo
sitional strike, and the overall pattern is arcuate to lunate.
A fluvially dominated delta held in a relatively stable posi
tion at the shelf margin would experience difficulty in pro
ducing a classic elongate pattern, owing to the much
steeper gradient on the upper slope. High wave energy at
the shelf margin combines with abundant sediment supply
to produce a deposit that parallels the shelf edge. North
west Gulf of Mexico shelf margin deltas are multilobate,
both vertically, suggesting eustatic sea level fluctuations,
and laterally, suggesting some river-mouth switching.
The shelf-margin delta is of great importance in petro
leum exploration. Shelf-margin deltas are primary indictors of ancient shelf margins (Winker and Edwards, 1983),
and mark ancient fluvial depocenters that probably con
tain increased ssnd content in close proximity to fine
grained sediments of relatively high organic content. Also,
they can be used as markers in the search for turbidite
sands carried downslope (Berg, 1982). Coarser sediments
are likely to occur in three areas: within the topset beds and
upper clinoform sections, corresponding to the delta
front; within the large fluvial feeder channels, which range
up to more than 50 m (164 ft) in thickness on the outer
shelf; and downslope in the chaotic facies (Sangree et al,
1978). Additionally, as petroleum development moves to
the shelf edge and beyond, instability hazards posed by the
unique characteristics of the late Wisconsinan deltas must
be understood and dealt with.
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